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Densities (p) and speeds of sound (u) have been measured of (L-leucine / L-isoleucine 
/ L-glutamine / L-alanine / glycylglycine + 0.512 mol.kg"' aqueous K2SO4 / KNOj) 
solutions as a function of molal concentration of amino acid / peptide at different 
temperatures: (298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K. The measured 
density values exhibit usual increasing trend with an increase in molal concentration 
of solutions and decreasing trend with an increase in temperature for the systems 
under investigation. Using density data, the apparent molar volumes (0v) and the 
partial molar volumes {(p°) of L-leiieine, L-isoleucine, L-glutamine. L-alanine and 
glycylglycine in 0.512 mol.kg"' aqueous K2SO4 / KNO3 solutions have been 
calculated. The observed 0° valufes of the studied amino acid / peptide in said 
aqueous electrolyte solutions have been found to be.|)Qsifive and larger in magnitude 
than those of corresponding values in aqueous medium. The larger values of 0° of L-
leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg" 
aqueous K2SO4 / in 0.512 molkg'' aqueous KNO3 solutions than the corresponding 
values in aqueous medium have been ascribe to the following interactions occuring in 
solutions: 
(i) ion-ion interactions between the K ,^ S04'", NO3" ions and (COO", NH3 ) 
zwitterionic end groups 
(ii) ion-hydrophilic interactions between ions and hydrophilic groups (-CONH?-, 
CONH) of amino acid / peptide 
(iii) ion-non polar group interactions occurring between ions and the non-polar groups 
(-CH2 / -CH3) of amino acid / peptide. 
The trends of variations of 0° values of L-leucine / L-isoleucine / L-glutamine / L-
alanine / glycylglycine in 0.512 mol.kg"' aqueous K2SO4 or 0.512 mol.kg"' aqueous 
KNO3 solutions is found to be as: 
L-leucine > L-isoleucine > L-glutamine > glycylglycine > L-alanine 
The transfer partial molar volumes of L-leucine / L-isoleucine / L-glutamine / L-
alanine / glycylglycine from water to 0.512 mol.kg"^  aqueous K2SO4 / KNO3 solutions 
have been calculated. The Atr0v values of L-leucine / L-isoleucine / L-glutamine / L-
alanine / glycylglycine are positive in both aqueous electrolyte solutions and increase 
with an increase in temperature. The increase of Atr0v values with an increase in 
temperature for all the systems under investigation suggests the corresponding 
reduction of electrostricted water molecules. The Aticf)" values of L-leucine / L-
isoleucinc / L-glutamine / L-alanine / glycylglycine in 0.512 mol.kg"' aqueous K2SO4 
solution are higher than those in 0.512 mol.kg"' aqueous KNO3 solution. This trend of 
variation of Atr0v can be attributed to the higher magnitude of reduction of 
electrostricted water molecules in the case of aqueous K2SO4 solution than in aqueous 
KNO3 solution. The trend of Atr0v values of L-leucine / L-isoleucine / L-glutamine / 
L-alanine / glycylglycine in 0.512 mol.kg' aqueous K2SO4 or 0.512 mol.kg"' aqueous 
KNO3 solution is found to be as: 
L-leucine > L-isoleucine > L-glutamine > glycylglycine > L-alanine 
The speed of sound values of L-leucine / L-isoleucine / L-glutamine / L-
alanine / glycylglycine in the 0.512 tnoLkg' aqueous K2SO4 / KNO3 solution exhibit 
usual increase with an increase in molal concentration of solute and with an increase 
in temperature. The speed of sound data have been used to calculate the values of 
isentropic compressibility (KS), change in isentropic compressibility (AKS), relative 
change in isentropic compressibility (Kr), apparent molar isentropic compressibility 
(0K), partial molar isentropic compressibility (^K") , transfer partial molar isentropic 
compressibility (Atrt^ K"), specific acoustic impedance (Z) and relative association 
(RA). The Ks values of 0.512 moLkg'' aqueous K2SO4 / KNO3 solution decrease with 
an increase in molal concentrations of amino acid / peptide in the solutions. This 
decreasing trend of KS values have been attributed to a corresponding increase in 
cohesive forces in (L-leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine 
+ aqueous salt) solutions at all temperatures of study. The decrease in isentropic 
compressibility values with an increase in temperature have been ascribed to changes 
occurring in the structure of water clusters around zwitterions and ions (K^, S04^" and 
NO3') in aqueous solutions. The calculated values of AK, and (AKS/ KO) exhibit 
increasing trends of variations with an increase in molal concentration of amino acids 
/ peptide in all the studied systems at a given temperature. However, trends of 
variation of AKS and (AKS/ K,,) are irregular with an increase in temperatures. Such an 
increase in AKS and (AKS/ KQ) values with an increase in amino acid / zwitterion molal 
concentration may be attributed to overall increase in cohesive forces in solutions. In 
addition, the successive increase of AKS and (AKS/ KO) may also be attributed to 
enhanced interactions in solution. 
The (pj' values of L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine in 0.512 mol.kg'' aqueous K2SO4 / KNO3 solution arc negative except 
Ill 
of L-leucine at 298.15 K. The positive ^K" values of L-leucine in 0.512 mol.kg"' 
aqueous K2SO4 / 0.512 mol.kg"' KNO3 solutions are 1.99 and 1.28 (lO" / bar" 
'.m^mo^') respectively at 298.15 K. The positive values of 0K° indicate that the water 
molecules around the L-leucine are more compressible than the water molecules in the 
bulk solution. The negative ^K" (loss of compressibility of the medium) values of L-
leucine, L-isoleucine, L-glutamine, L-alanine and glycylglycine in aqueous K2SO4 / 
KNO3 solutions at all temperatures of study indicate that the water molecules 
surrounding the solute molecules present a greater resistance to compression than the 
bulk. This observation supports the conclusion that the interactions of ions (K^ / S04^" 
/ NO3") with amino acid / peptide zwitterions charges localized at the head groups 
(COO" / NH3 )^ decrease the electrostriction of water molecules caused by the charged 
centers of amino acids / peptide resulting in an increase in volume, thereby, increasing 
the compressibility of the solution. The electrostricted water molecules are released 
into the bulk, making the medium more compressible with increase in temperature. 
The larger partial molar isentropic compressibilities of (L-leucine, L-isoleucine, L-
glutamine, L-alanine and glycylglycine) in 0.512 moLkg"' aqueous K2SO4 than those 
m 0.512 moLkg"' aqueous KNO3 solution are due to higher charge density on S04^" 
ion than that on NO3" ion in solutions. The SK exhibit both negative and positive 
values thus indicating the presence of ion-solute and solute-solute interactions in all 
the systems studied. 
The Atr0K° values of L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine from water to 0.512 mol.kg"' aqueous K2SO4 / KNO3 solutions have 
been studied at temperatures (298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K. 
The positive values of Air^ K" have been attributed to the electrostatic interactions 
occurring between K^ and COO" ; and between S04^" / NO3" and NH3^ ions. Due to 
these interactions, the electrostriction of neighbouring water molecules around the 
charged centres of L-leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine 
will be reduced in the presence of K2SO4 and KNO3. The A,r0K" increase in order of 
L-leucine > L-isoleucine > L-glutamine > glycylglycine > L-alanine in 0.512 mol.kg"' 
aqueous K2SO4 / KNO3 solutions at temperatures: (298.15-323.15) K. The trend 
observed in A^cpK^ values of amino acids / peptide in aqueous K2SO4 / KNO3 solution 
may be due to their hydration behaviour, which comprises of following interactions 
occur in these systems: 
IV 
(i) ion-ion interactions between (K^ / S04^" / NO3") and (COO" / NH3'^ ) groups. 
(ii) ion- hydrophilic group interactions between (K^ / S04^" / NO3") and (-CONH2 / 
-CONH) groups, 
(iii) ion-hydrophobic group interactions between the (K^ / S04^' / NO3") and (-CH3-
CH2-CH-CH3- / -CHCH2(CH3)2- / CH3) groups. 
The Z values have been found to increase with an increase in molal 
concentration of amino acid / peptide in the solutions as well as increase in 
temperature. Such trends of variations of Z may be ascribed to an overall reduction in 
repulsive forces with an increase in amino acid / peptide concentration and 
temperature. The RA values show an increasing trend of variation with an increase in 
molal concentration of amino acids / peptide in aqueous electrolyte solutions. The 
variation in temperature over the said range does not seem to affect the nature of 
interactions operative in solutions significantly. 
Density and speed of sound data have been employed for the calculation of 
isothermal compressibility values (KT) by using Mc-Gowan's relation. The KJ values 
of (L-leucine / L-iso leucine / L-glutamine / L-alanine / glycylglycine + 0.512 molkg' 
aqueous K2SO4) solutions are less than those of (L-leucine / L-iso leucine / L-glutamine 
/ L-alanine / glycylglycine + 0.512 molkg"' KNO3) solutions at all temperatures of 
study. The decrease in KT values with an increase in solute concentration seems to be 
a result of a corresponding decrease in free volume and the average kinetic energy of 
constituents of solutions. The trends of variation of isothermal compressibilities with 
variation in solute concentration and temperature are similar to the variation of 
isentropic compressibility values in all studied systems. 
The internal pressure (Pi), solubility parameter (5) and pseudo-gruneisen parameter ( 
F) values also have been computed by using the values of KT obtained from Mc-
Gowan's relation. The internal pressure and solubility parameter values have been 
found to exhibit an increasing trend of variation with an increase in amino acid / 
peptide concentration as well as temperature. These trends of variations are similar to 
those of KT values. The decrease in F with an increase in molal concentration of solute 
may be due to decrease in compression. The F values decrease with an increase in 
temperature, which reflects the disruption of molecular / ionic association due to an 
increase in kinetic energy of constituents of solutions. 
Viscosities have been measured of (L-leucine / L-glutamine / L-alanine / 
glycylglycine + 0.512 moLkg"' aqueous K2SO4 / KNO3) solutions as a fiinction of 
molal concentration of amino acid / peptide at different temperatures: 298,15, 303.15, 
308.15, 313.15, 318.15 and 323.15 K. The x] values of amino acid and peptide in 
0.512 m o l k g ' aqueous K2SO4 and 0.512 molkg"' aqueous KNO3 solutions increase 
with an increase in solute concentration and decrease with an increase in temperature. 
The trends of variations of viscosity values of (L-leucine / L-glutamine / L-alanine 
glycylglycine in 0.512 molkg"' aqueous K2SO4 or 0.512 molkg' ' aqueous KNO,) 
solutions are found to be as: 
L-leucine > L-glutamine > L-alanine > glycylglycine 
The trends of variations of calculated specific viscosity (ris,,) values with an increase 
in concentration of solute and temperature are similar to those of the viscosity values. 
The relative viscosity data have been fitted to the Jones-Doles equation in order to 
evaluate the B-cocfficicnt values. The positive values of B-cocfficients of L-leucinc ' 
L-glutamine / L-alaninc / glycylglycine in 0.512 molkg" aqueous K2SO4 or 0.512 
molkg"' aqueous KNO;, solutions indicate the possibility of a strong alignment of 
zwitterions with ions / water dipoles. The positive B-coefficients alongwith negative 
(dB/'d7) values of L-leucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg" 
' aqueous K2SO4 or 0.512 molkg"' aqueous KNO3 solutions indicate the structure 
making nature of solute in the solutions. The trends of variations of viscosity B-
coefficients of L-leucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg"' 
aqueous K2SO4 or 0.512 mol-kg"' aqueous KNO3 solutions is found to be as:. 
L-leucine > L-glutamine > glycylglycine > L-alanine 
The B-coefficients of studied amino acids and peptide in 0.512 m o l k g ' aqueous 
K2SO4 and 0.512 molkg"' aqueous ICNO3 solutions decrease with an increase in 
temperature thereby showing that the zwitterion-ion interactions are flirther weakened 
with increase in temperature. 
Thermodynamic activation parameters of viscous flow of the (amino acids ' 
peptide t 0.512 molkg' ' aqueous K2SO4 / KNO3) solutions have been evaluated using 
the Feakins et al. theory. The positive and large values of A(A2" than A|AI" indicate that 
amino acid / peptide-solvent interactions in the ground state are stronger than those in 
the transition state. This means that the fomiation of the transition state is 
accompanied by the rupture and distortion of the intermolecular forces in the solvent 
structure. The positive A|a2° values of L-leucine / L-glutamine / L-alanine / 
glycylglycine in 0.512 molkg"' aqueous K2SO4 or 0.512 molkg"' aqueous KNO3 
VI 
solutions increase with an increase in temperature which suggests that the formation 
of transition state is less favoured in the presence of L-leucine, L-glutamine, L-alaninc 
and glycylglycine. This is due to the breaking and distortion of intermolecular bonds, 
which effectively means that more solute-solvent bonds must be broken to form the 
transition state. The positive activation entropy (A52") and activation enthalpy (A//2") 
values for all studied (amino acid / peptide + aqueous salt) systems at each 
temperature of study indicate the formation of the activated complex which is 
associated with bond breaking and a decrease in order. This suggests that the ground 
states are in the ordered region. 
STUDIES OF SOLUTE-SOLVENT INTERACTION 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 






Under the supervision of 
DR. RIYAZUDDEEN 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2012 
2 6 ^LP 2(m 
T8208 
. l^X DEPARTMENT OF CHEMISTRY 
•msM ALIGARH MUSLIM UNIVERSITY 
ALIGARH - 202002 (INDIA) 




This is to certify that the work embodied m this thesis entitled "Studies of Solute-
Solveot Interaction " is original, carried out by Ms. Uroaima Gazai under my 
supervision and is suitable for submission'for .the award of the Ph.D degree in 






"ALLAH grant me the serenity to accept things that I cannot change, but the 
courage to change the things I can, and wisdom to know the difference." 
M the very onset, I owe a tremendous dkBt of gratitude to JiCCAS{^e is the 
greatest teacher of aCC for giving me perseverance and ^persistence which 
makes an unBeataBCe comhination of success. S\t this cheerfuC occasion of my 
fife, upon the successfuC compCetion of this work I wou£d Cike to take the 
opportunity to express my sincere thanks to aCC those people who have given 
me their time, concern, assistance andpatience so generousCy and have made 
my research period an ever cherished experience. 
J wish to express my profound reverence to my supervisor Dr. 'Riyazuddk.en, 
dissociate "Professor. I thank him for his encouragement and freedom, to 
pursue research with ease and confidence. I am indehted to him for the 
quaCities he has instided in me. I wid try my Best to maintain and even 
improve this temperament of mine. 3{is favor towards deveCopment of 
independent oBiCities has greatCy enhancedmy scientific caCiBer as wed as seCf 
confidence. They wdCBe of immense heCp in my future endeavors. 
J wish to express my gratefufness to the chairman, Department of 
Chemistry Trqf. Zafar A. Siddlcjue for aCC his support and encouragement. I 
wouCd also Cike to acknowCedge Dr. Saeedd Miqyi for her meaningfuC co-
operation. 
J wouCd Cike to rememBer the companionship of my CaB mates. The 
journey Began with Dr. Jmran Xhan, Dr. Tavsif JAliamasfi, Dr. Sadaf JAfrin, 
Dr. ShaAzia SaCeem and!Nazia MaM. They were as seniors guiding me as 
weCC as friends with constructive criticism. I wouCd Cike to make a speciaC 
mention ofMofuC AmiCllsntanifor Being nice codeague. 
Thanks must aCsogo to the staff of Department of Chemistry especially, 
to the staff of store and to Mr. djiituB-tuf-dinfrom QCdss CaB. I must not forget 
to acknowCedge Mr. Ashfaq Ahmed Trogrammer, Computer Centre, for his 
kindheCp. 
Much is owed to myfamiCy especiaCCy my mother Mrs. O^argis Sxdiana, 
Beyond words can express. IfeeCproudto Be the daughter of the Best mother 
in the word. J am highCy thankfuCto MCah for gifting me such caring. Coving 
and supportive famiCy. I express my sincere gratitude to my JAmmiMmi and 
Tapa for tHeir unconditionaC Cove and BCessings wHicfi are aCways with me 
after their death, thoitgh these words are an inadequate refCection of what I 
feeC actiiaCCy. I wish to convey my heartfeCt thanks to my aCC XhaCa Ms. 
Mahir SM&cma, Mrs. Asma Sfiaminu Ms. Momna Su&ana who are aCways like 
my sisters and good friends. I want to exjrress my sjjeciaf vote of thanks to 
my aCC Mamu es_peciady Mohd. XhaGd and Mr. 'Bi£a£ Afvnud for their 
apprehension andwonderfuCsupport. 
I am aCso thankfuC to the CittCe angels of my famiCy SABduSiodi, .AC-
^CcaruC .^eef, Safwan, OChadJuja, laBeeB and my younger cousin j\Bu-
!f{iirraCra as they were the reasons for the upbringing of those extreme Cy 
requiredsmiCes on my gCoomy face many a times. 
My deepest gratitude goes to the jeweCs of my fife my dearest hrother 
MofUasfUmXfum and sister £aiBaJ{ira for their BeCief, BenevoCence, support, 
encouragement and ever Casting enthusiastic smiCe. 
y/hen it comes to friends, soothing memories are aCways Be cherished I wouCd 
Cike to say I am extremeCy fortunate to have the Coving friends who have 
showed their personaC concern on many instances and in fact their sensiBCe 
approach towards Cife has aCways inspiredme. 
'hfo words wouCdBe sufficient to acknowCedge my Best friend Safdicar 
^fussatnfor his unstinted enthusiasm, cooperation, incrediBCe support and 
always stand with me for sharing the gCory and sadness. 
Thanks a Cot to my CoveCy friends Ih: AoSbroo Mx^id and Sadirf fatima for 
Being so understanding, providing spontaneous support, cheering me up 
during stressfuC times and also for their invaCuaBCe friendship. 
I have no words to express my speciaC thanks to my friends in hostel, 
Qargi, Mrme, Mtzia OChan, !NiuiaJq6aCandUrnmat^fatima. 








CHAPTER- I Partial Molar Volumes and Transfer Partial Molar 
Volumes of L-leucine / L-isoleucine / L-glutamine / 
L-alanine / Glycylglycine in 0.512 mol-kg''Aqueous 
K2SO4 / KNO3 Solutions 
20-53 
CHAPTER- II Partial Molar Isentropic Compressibilities and 
Transfer Partial Molar Isentropic Compressibilities 
of L-leucine / L-isoleucine / L-glutamine / L-alanine 
/ Glycylglycine in 0.512 moLkg''Aqueous K2SO4 
/ KNO3 Solutions 
54-129 
CHAPTER- III Viscometric Studies of L-leucine / L-glutamine / 
L-alanine / Glycylglycine - 0.512 mol.kg''Aqueous 
K2SO4 / KNO3 Systems 
130-166 
CHAPTER- IV Isothermal Compressibilities, Internal Pressures, 
Solubility Parameters and Pseudo-Gruneisen 
Parameters of L-leucine / L-isoleucine / L-glutamine 
/ L-alanine / Glycylglycine - 0.512 mol.kg~'Aqueous 









Proteins, the workhorses of Hving systems, are constructed fiom chains of amino 
acids, which are synthesized in the cell based on the instructions of the genetic code 
and then folded into working proteins. Proteins are probably the most important class 
of biochemical molecules, although of course lipids and carbohydrates are also 
essential for life. Proteins are the basis for the major structural components of animal 
and human tissue. The nature of living organisms depends on two classes of chemical 
substances: proteins and nucleic acids. The term protein is derived from the greek 
word 'Proteios' meaning "primary" or "looking first place", since proteins are the first 
recognizable and distinctive expressions of genetic information. Proteins can serve as 
structural material for the same reason that other polymers do: they are long chain 
molecules which, by the proper combination of cross-linking and intertwining, can be 
made to show virtually any desirable thermodynamic properties. The nature and the 
arrangement of the amino acid side-chain along the protein backbone are responsible 
for the individual characteristics of the macromolecules, and it has been recognized 
that all of the information pertaining to the proteins is implicit in the amino acid 
sequence. 
Protein structure describes the various levels of organisation of protein 
molecules. Its structures range in size from tens to several thousand residues [1]. 
Very large aggregates can be formed from protein subunits: for example, many 
thousand acting molecules assemble into a microfilament. A protein may undergo 
reversible structural changes in performing its biological ftinction. The alteniative 
stmctures of the same protein are referred to as different conformations, and 
transitions between them are called conformational changes. Protein structure has 
been classified into four types: The primary structure refers to amino acid linear 
sequence of the polypeptide chain. It helds together by covalent or peptide bonds, 
which are made during the process of protein biosynthesis or translation. The primary 
structure of a protein is determined by the gene corresponding to the protein. A 
specific sequence of nucleotides in DNA is transcribed into mRNA, which is read by 
the ribosome in a process called translation. Secondary structure refers to highly 
regular local sub-structures. Two main types of secondary structure, the alpha helix 
and the beta strand or beta sheets, were suggested in 1951 by Linus Pauling and co-
workers [2]. These secondary structures are defined by patterns of hydrogen bonds 
between the main-chain peptide groups. They have a regular geometry, being 
constrained to specific values of the dihedral angles \|/ and cp on the Ramachandran 
plot. Tertiary structure refers to three-dimensional structure of a single protein 
molecule. The alpha-helices and beta-sheets are folded into a compact globule. The 
folding is driven by the non-specific hydrophobic interactions (the burial of 
hydrophobic residues from water), but the structure is stable only when the parts of a 
protein domain are locked into place by specific tertiary interactions, such as salt 
bridges, hydrogen bonds, and the tight packing of side chains and disulfide bonds. 
The disulfide bonds are extremely rare in cytosolic proteins, since the cytosol is 
generally a reducing environment. Quaternary structure is a larger assembly of several 
protein molecules or polypeptide chains, usually called subunits in this context. The 
quaternary structure is stabilized by the same non-covalent interactions and disulfide 
bonds as the tertiary structure. Complexes of two or more polypeptides (i.e. multiple 
subunits) are called multimers. Specifically it would be called a dimer if it contains 
two subunits, a trimer if it contains three subunits and a tetramer if it contains four 
subunits. The subunits are frequently related to one another by symmetry operations, 
such as a 2-fold axis in a dimer. 
Proteins are amphoteric molecules containing a large number of acid and basic 
groups, mainly situated on their surface. The charges on these groups will vary, 
according to their acid dissociation constants, with the pH of their local environment. 
This will affect the total net charge of the proteins and the distribution of charges on 
their exterior surfaces. The changes in charges with pH may affect the biological 
activity, structural stability and solubility of the protein [3]. Protein folding is the 
physical process by which a polypeptide folds into its characteristic and flmctional 
three-dimensional structure from random coil [4]. Each protein exists as an unfolded 
polypeptide or random coil when translated from a sequence of mRNA to a linear 
chain of amino acids. The time for folding varies from microseconds to hours. A 
protein molecule folds spontaneously during or affer biosynthesis. While these 
macro molecules may be regarded as "folding themselves", the process also depends 
on the solvent (water or lipid bilaycr) [5], the concentration of salts, the temperature, 
and the presence of molecular chaperones. Folded proteins usually have a side chain. 
Packing stabilizes the folded state, and charged or side chains occupy the solvent-
exposed surface where they interact with surrounding water. Minimizing the number 
of hydrophobic side-chains exposed to water is an important driving force behind the 
folding process [6]. Protein folding is a consequence of intermolecular forces, 
including pure ionic interactions, dipole interactions, hydrogen bonds. Van der Waals 
forces and hydrophobic interactions. Ionic interactions are often thought of as 
"strong" by virtue of their strength in vacuous, but are relatively weak in an aqueous 
environment. For a protein molecule, the majority of charged groups are at the surface 
of the folded protein, where they are solvated and neutralized by counterions of the 
salts present in the solution. 
Failure to fold into the intended shape usually produces inactive proteins with 
different properties including toxic prions. Several neurodegenerative and other 
diseases are believed to result from the accumulation of misfolded (incorrectly folded) 
proteins [7]. Many allergies are caused by the folding of the proteins, for the immune 
system does not produce antibodies for certain protein structures [8]. A group of 
proteins called "chaperones" plays in getting other proteins to fold correctly. Because 
they are dedicated to this task, protein chaperones are indispensable to maintaining 
good health. Lindquist said "Probably half of all diseases are caused by protein 
folding problems". A few of the very big diseases such as Alzheimer's, cystic fibrosis 
and Parkinson's disease are clearly induced by misfolding. It is also clear that certain 
cancers develop because proteins don't fold properly. They lose their regulatory 
functions—some proteins that are supposed to stop cell growth become disabled and 
others that stimulate cell growth take off their brakes." 
Denaturation of proteins involves the disruption and possible destruction of 
both the secondary and tertiary structures. Since denaturation reactions are not strong 
enough to break the peptide bonds, the primary structure (sequence of amino acids) 
remains the same after a denaturation process. Denaturation disrupts the normal 
alpha-helix and beta sheets in a protein and uncoils it into a random shape. 
Denaturation occurs because the bonding interactions responsible for the secondary 
structure (hydrogen bonds to amides) and tertiary structure are disrupted. In tertiary 
structure there are four types of bonding interactions between "side chains" including: 
hydrogen bonding, salt bridges, disulfide bonds, and non-polar hydrophobic 
interactions, which may be disrupted. A variety of reagents and conditions can cause 
denaturation. The most common observation in the denaturation process is the 
precipitation or coagulation of the protein. 
Most microorganisms and plants can biosynthesize all 20 standard amino acids, while 
animals (including humans) must obtain some of the amino acids from the diet [9]. 
The amino acids that an organism cannot synthesize on its own are referred to as 
essentia) amino acids. Key enzymes that synthesize certain amino acids are not 
present in animals — such as aspartokinase, which catalyzes the first step in the 
synthesis of lysine, methionine and threonine from aspartate. If amino acids are 
present in the environment, microorganisms can conserve energy by taking up the 
amino acids from their surroundings and down regulating their biosynthetic pathways. 
Most of amino acids are fairly insoluble in non-polar solvents, and quite soluble in 
water. There are three types of amino acids; indispensable amino acids, the 
conditionally dispensable amino acids, and the dispensable amino acids. 
Indispensable amino acids also called essential amino acids which must be supplied to 
the body from food or supplements. Conditionally dispensable amino acids are based 
on the body's ability to actually synthesize them from other amino acids. Dispensable 
amino acids also called nonessential amino acids can be synthesized by the body from 
other amino acids. They also play a significant role in metabolism, and in many neuro 
-chemical response mechanisms, such as memory, apetite control and pain 
transmission [10-11]. L-amino acids are used in many biological processes in human 
body like transmission, decarboxylation and metabolism. They are also involved in 
intracellular metabolism and operate transport systems of the plasma membrane. 
Their equilibrium properties in solution depend on the relative magnitude of 
electrostriction caused by the polar end groups, the structure-enforcing influence of 
the hydrophobic alkyl groups, and the extent of interactions of the hydrophilic and 
hydrophobic groups. 
All the amino acids (except for proline) have a carboxyl group and an 
amino group. The smallest amino acid, glycine, has a hydrogen atom in place of a 
side chain. All other amino acids have distinctive methyl groups. Because of the 
alpha carbon, the other amino acids have four different constituents. The alpha 
carbon atom is an asymmetric centre and mostly naturally occurring amino acids are 
in the L form. The non-polar amino acids include: alanine, cysteine, glycine, 
isolcucine, leucine, methionine, phenylalanine, proline, tryptophan, tyrosine and 
valine. The polar amino acids include: arginine, asparagine, aspartic acid (or 
aspartate), glutamine, glutamic acid (or glutamate), histidine, lysine, serine and 
threonine. Another sub-group of the amino acids are those with ionisable side 
chain. These include: aspartate, glutamate, histidine, cystine, lysine, tyrosine and 
arginine. These amino acids contribute to the charge exhibited by peptides and 
proteins. 
L-leucine is an essential amino acid, CH^ ^CHj 
CH 
which cannot be manufactured in the body and I 
is part of the three branched chain amino acids. u vr* r-L ^ ^ 
It is used as a source of energy. It modulates . , 
°-^  L-leucme 
uptake of neurotransmitter precursors by the 
brain as well as the release of enkephalins, which inhibit the passage of pain signals 
into the nervous system. It contributes to the structure of proteins into which it has 
been incorporated by the tendency of its side chain to participate in hydrophobic 
interactions. Supplements and protein powders that contain leucine are used 
extensively by body builders and other athletes to promote muscle recovery, although 
it has not produced significant changes in body composition. L-leucine helps with the 
regulation of blood-sugar levels, the growth and repair of muscle tissue (such as 
bones, skin and muscles), growth hormone production, and wound healing as well as 
energy regulation. It can assist to prevent the breakdown of muscle proteins that 
sometimes occur after trauma or severe stress. It may also be beneficial for 
individuals with phenylketonuria - a condition in which the body cannot metabolize 
the amino acid phenylalanine. Deficiency of this nutrient is rare, since all protein 
foods contains it, but vegans and vegetarians without adequate protein sources may 
suffer from a deficiency. Hypoglycaemia symptoms may appear if the diet is deficient 
and may include dizziness, fatigue, headaches, irritability etc. 
L-isoleucine is one of the 20 most C;H3 CHJ 
common natural amino acids, and coded for in I 
DNA. Its chemical composition is identical to | ^ 
HjU^—CH—cOo 
that of leucine, but the arrangement of its 
atoms is slightly different resulting in different 
properties. L-isoleucine is a branched chain amino acid found in high concentrations 
in muscle tissues. It is used in the body to produce biochemical compounds that help 
in energy production. L-isoleucine, together with the other two branched-chain-
amino-acids promote muscle recovery after physical exercise and on its own it is 
needed for the formation of haemoglobin as well as assisting with regulation of blood 
sugar levels as well as energy levels. It is also involved in blood-clot formation. A 
dietary essential amino acid, L-isoleucine is necessary for the optimal growth of 
infants and for nitrogen balance in adults. It is turned into muscle tissue after entering 
the body and being metabolized. L-isoleucine may be very helpful in preventing 
muscle wasting and promoting tissue repair after surgery or trauma. Together with L-
threonine, L-isoleucine is one of two common amino acids that have a chiral side 
chain; that is, one that is not super imposable on its mirror image. With a hydrocarbon 
side chain, L-isoleucine is classified as a hydrophobic amino acid. L-isoleucine is 
similar to L-leucine and L-valine in being a branched-chain amino acid and whose 
build up in the blood and urine, due a particular enzyme deficiency, causes the serious 
metabolic disorder maple syrup urine disease. L-isoleucine structure makes it 
important for the correct folding of proteins, whose functionality is dependent upon 
the ability to fold into a precise three-dimensional shape. It is used to prevent muscle 
wasting in debilitated individual. 
L-glutamine is the most abundant O 
naturally occurring, non-essential amino 9 ^ ^ 3 
acid in the human body and one of the ^^2 
few amino acids that directly cross the 9^2 
blood-brain barrier. In the body, it is ^^H* CH—cOa 
found circulating in the blood as well as L-glutamme 
stored in the skeletal muscle. L-glutamine, the amide of glutamic acid, is of great 
biological importance. It occurs in the free state and as part of the protein structure in 
plants and animals, and plays an essential part in many metabolic processes. The most 
relevant glutamine-producing tissue is the muscle mass, accounting for about 90% of 
all L-glutamine synthesized. L-glutamine is also released, in small amounts, by the 
lung and the brain. Altbou^ the liver is capable of relevant glutamine synthesis, its 
role in glutamine metabolism is more regulatory than producing, since the liver takes 
up large amounts of glutamine derived from the glutamate. The most eager consumers 
of L-glutamine are the cells of intestines, the kidney cells for the acid base balance, 
activated immune cells and many cancer cells. In respect to the last point mentioned, 
different glutamine analogues such as DON, Azaserine or Acivicin are tested as anti-
cancer drugs. In catabolic states of injury and illness, glutamine becomes 
conditionally-essential (requiring intake from food or supplements). L-glutamine has 
been shown to be useful in treatment of serious illnesses, injury, trauma, burns, and 
treatment-related side-effects of cancer as well as in wound healing for postoperative 
patients. L-glutamine is also marketed as a supplement used for muscle growth in 
weightlifting, bodybuilding, endurance, and other sports. Evidence indicates that 
glutamine when orally loaded may increase plasma HGH levels by stimulating the 
anterior pituitary gland. In biological research, L-glutamine is commonly added to the 
media in cell culture. L-glutamine serves as a vehicle for transporting ammonia in a 
nontoxic form from peripheral tissues to visceral organs where the ammonia can be 
excreted as ammonium ion (kidneys) or converted to urea (liver). L-glutamine is 
utilized in the brain for the respiration and biosynthesis of substances related to 
neuronal functions such as y-aminobutyric acid, GABA. It is also utilized for the 
growth and differentiation of the neural cells. It is often depleted in stress states, such 
as malignancy. L-glutamine has a possible therapeutic role in the prevention of 
damage to normal tissues including peripheral nerves during chemotherapy. 
L-alanine is a non-essential amino CH3 
acid, meaning that a healthy body is able j. \ 
HjN—CH—CO2' 
to make its own supply of this substance 
,, , . • • , , , J- L-alanine 
as well as obtammg it through the diet. 
L-alanine is an amino acid that helps the body to convert glucose, a simple sugar, into 
energy and also helps the body to eliminate excess toxins from the liver. It used as a 
source of energy for muscle tissue, the brain, and central nervous system and 
strengthening the immune system by producing antibodies. It helps in the metabolism 
of sugars and organic acids and produces energy by stimulating glucagon secretions 
from the pancreas and is linked to glycogen released from the liver. In the case of 
hypoglycaemia, L-alanine has been used as a source for the production of glucose in 
order to stabilise blood sugar levels over lengthy periods. It guards against the build 
up of toxic substances that are released in the muscle cells when muscle protein is 
broken down quickly to meet energy needs (such as in aerobic exercise). It aids in the 
metaboHsm of glucose. It is required for the metabolism of tryptophan. L-alanine 
plays a major role in the transfer of nitrogen from peripheral tissue to the liver. 
Glycylglycine is the dipeptide of 
glycine, making it the simplest peptide. 
The compound was first synthesized by 
Emil Fischer and Ernest Foumeau in ^ TT TT 
n n 
1901 by boiling 2, 5-diketopiperazine 
(glycine anhydride) with hydrochloric Glycylglycine 
HO HO 
I II I II 
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acid. Because of its low toxicity, it is useful as a buffer for biological systems with 
effective ranges between pH 2.5-3.8 and 7.5-8.9, however, it is only moderately 
stable for storage once dissolved. It is used in the synthesis of more complex 
peptides. 
Metal ions are essential for the biological functions of many proteins. Thus, at 
least one-third of all proteins encoded in the human genome appear to contain, metal 
ions which perform a wide range of specific functions [12]. Because of the 
complexities of proteins and infeasibility of direct thermodynamic studies, to get a 
better understanding of these phenomena, various low molar mass model compounds 
(amino acids / peptides) have been studied. Moreover, small peptides have been 
widely used as a protein model compound recently in the studies of the 
thermodynamic properties of proteins because they contain more complex structure 
and more component of protein than amino acids. The systematic study of peptides 
can provide valuable information about their behavior in solutions and insight into the 
conformational stability of proteins. In some previous thermodynamic studies it has 
been shown that the addition of co-solutes such as electrolytes, surfactants, or other 
biomolecules to aqueous small peptide solutions would have a strong effect on the 
hydration of these solutes [13-26], and consequently invoking important changes in 
their ability to bind other molecules. The obtained thermodynamic data are needed in 
many applied fields, such as physiology, computer aided design, and optimization of 
the chemical industrial processes. It is useful to extend the study of amino acids and 
peptides in aqueous electrolyte systems as biological fluids are not pure water. A 
small change in water structure can greatly inhibit the physiological reactions in 
tissues or cells, which are made up of biological macromolecules. The change in 
water structure can be brought about by the presence of electrolytes. Sometimes, these 
changes are helpful in controlling undesired physiological reactions occurring in 
living organisms. [27-31]. Thus, the study of the effect of electrolytes on model 
compounds of biological macromolecules is of fimdamcntal importance 
Salt induced electrostatic forces are known to play a vital role in modifying the 
protein structure by affecting properties like solubility, denaturation, and activity of 
enzymes [32,33]. Enzymes activated by monovalent cations viz. Na" and K are 
abundantly represented in plants and animals [34]. Salts typically exert both specific 
(Hofmeister) and nonspecific (columbic) effects on biomolecular processes [3,4,7,35]. 
To manipulate and probe biopolymer processes using salts, it is extremely important 
to develop quantitative methods to interpret and predict these effects in terms of 
structure. Coulombic, valence specific effects of salt ions (due to screening of surface 
charges) are most significant at relatively low salt concentrations (<0.1 M). At higher 
concentrations (> 0.1 M), ion-specific effects and relatively nonspecific osmotic 
effects (due to the lowering of water activity) become increasingly significant. In 
1888, Franz Hofmeister discovered that, the effectiveness of salts for protein 
precipitation generally followed a specific order, regardless of the protein being 
investigated [36]. Since then, the so-called Hofmeister series of saU effects has been 
observed in physical properties of aqueous salt solutions (e.g., surface tension and 
surface potential) [37,38], as well as salt effects on a variety of macro molecular 
processes (e.g., micelle formation, "salting out" nonpolar compounds, and protein 
folding) [39-42]. The pioneering work on effect of electrolytes on proteins was 
carried out by von Hippel and coworkers. They concluded that ions such as CIO , 
SCN", Ca'^ and guanidinium, (Gn^) particularly decrease the stability of native 
conformation of fibrous or globular proteins in water and are termed as destabilizers. 
Ions such as Na^, K', N H / , S04^" etc. stabilize the native conformation of proteins. 
[43] 
Potassium nitrate is used as a diuretic in medicine. It also include as an 
ingredient in toothpastes. It makes the teeth less sensitive to pain, by interfering with 
the transmission of pain signals in the nerves of teeth. It is also added to drugs for 
back pain and joint pain. KNO3 affects the nucleic acid synthesis in the greening 
cucumber cotyledons [44] and the stability of tropomyosin [45]. Potassium sulphate 
is primarily used to improve oxygenation in the patient. It provides more oxygen in 
the brain, skin and nerves or in the intercellular fluids by linking to iron. K2SO4 
influence the unfolding of protein, RNase Sa. [46] 
The volumetric characteristics of a substance viz., the partial molar volume 
have proven to be reflective of and sensitive to solute-solvent interactions, 
however, its tcmpcraturc-dcpcndcncc may still be more useful in characterizing the 
structural hydration effects as the intrinsic volume of the solute is almost independent 
of temperature [47]. Several studies have been done on the volumetric properties of 
proteins in aqueous solutions and different approaches for interpreting these 
macroscopic data in terms of protein hydration [48-55] have been made. Such 
interpretations are not straightforward and always model-dependent. Despite the 
difficulties in interpreting the volumetric data for systems as complex as proteins. 
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experiments of this type have begun to provide important data against which a 
number of models of protein hydration are evaluated [56,57]. One of the main 
procedures for interpreting the physico-chemical properties of protein solution is the 
comparative analysis of model compounds, which contain the atomic group specific 
ix proteins. Thus, the partial molar volumes of protein have been compared with 
the partial molal volumes of amino acids and peptides using a simple additive 
scheme [58-60]. Amino acids and peptides are dipolar ions, albeit to varying degree 
in aqueous solutions [48,56,61] and values of their partial molar volumes reflect the 
electrostriction that occurs due to their interaction with water. 
Speed of sound is a versatile non-destructive technique and highly useful for 
the investigation of various physical properties such as residual stress, hardness, grain 
size micro structure, elastic constant etc. Only small samples are required for speed of 
sound making it a feasible technique to investigate biological samples [59]. Its 
mainframe is to generate speed of sound vibrations and sends them through the test 
object in a beam of short bursts of energy. Any discontinuity in the path of the 
ultrasonic beam, as well as the far side of the test object, reflects the vibrations back 
to the instrument. The time required for the initial pulse to travel through this material 
and subsequently return as an echo is displayed on a cathode ray tube (CRT) as a 
thickness or distance measurement. The sound waves are generated as recurrent 
changes in electrical voltage occurring at an ultrasonic rate, since it is above the 
audible range. Speed of sound waves of the higher frequencies behave somewhat like 
light waves. Speed of sound waves can be propagated to some extent in any elastic 
material. This propagation, or traveling, of the waves occurs as a displacement of the 
successive elements of the medium. In any elastic substance there is a restoring force 
that tends to restore each element of material back to its original position after 
movement. Speed of sound velocity has also been used to characterize protein 
aggregation. It is the most important and universally accepted technique to study the 
physic-chemical properties of the liquids, Uquid mixtures and electrolytic and 
polymeric solutions. Speed of sound data as such provide little information about 
the nature and magnitude of various interactions [62-74] but its derived 
thermodynamic parameters, namely, isentropic compressibility, change and 
relative changes in isentropic compressibility, specific acoustic impedance and 
relative association parameter provide an important information about the nature 
and strength of various solute-solute and solute-solvent interactions responsible 
for the behaviour of aqueous solutions and non-aqueous solutions [75-XO]. Speed 
of sound and its derived parameters data have been also useful for gaining 
information on the dynamics of systems [81-83], physical nature of the aggregates 
occurring in the solutions [75, 81,82] and structural changes of solutes and solvents 
in solutions [84]. Speed of sound studies of amino acids [85,86], peptides 
[14,15,18,68,] and proteins [87,88] in aqueous media, aqueous urea solution, mixed 
aqueous solutions and organic solvents have been carried out by number of 
researchers for investigation of solute-solute, solute-solvent interactions. 
Compressibility of liquids is an essential physical characteristic reflecting 
interactions and dynamic processes occuring in solution. Studies of compressibility of 
aqueous solutions of proteins have started a long time ago [89,90]. It is known as an 
independent and effective tool for investigating biologically active compounds and 
finds increasing use as a means for characterizing protein systems [91,92]. The 
apparent molar compressibility is a useful parameter to characterise the elastic and 
hydration properties of solutes. The apparent molar isentropic compressibility 
contains contribution arising from the intrinsic compressibility of the solute and from 
the interactions between solute and solvent [93]. The partial molar isentropic 
compressibility of a solute is sensitive to the nature and extent of the interactions 
between the solute and solvent and, as such, can be used to characterize the 
hydration of globular proteins in aqueous solutions [58,59,94]. Since the extent of 
protein hydration changes during the course of protein unfolding from the 
native state, through compact intermediate states or partially unfolded state to 
the fiilly unfolded state, compressibility measurements provide useful means to 
characterize protein transitions [52,59,95]. The compressibility of a protein can 
be considered, at least to a first approximation, to comprise of two terms. One 
intrinsic compressibility of the protein, which is essentially due to intra-chain 
interactions and the packing of the protein chain, while the other term is due to the 
hydration of the various amino acids, functional groups that arc exposed to the 
solvent [59,96]. The partial specific or molar compressibility of a globular protein in 
aqueous solution is a thermodynamic property of particular interest for several 
reasons. 
Viscosity has been found to be a measure of the resistance of a fluid to 
flow. The increase in viscosity due to the presence of particles arises from the fact 
that they lie across the fluid streamlines and are subject to torsional forces. They 
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tend to rotate and then absorb energy. This energy absorption leads to an increased 
viscosity of the solution [97]. It has been observed that viscous forces appear only 
when adjacent parts of a fluid are moving with different viscosities. It is well 
known that a study of the perturbation on the viscous flow of a solvent by an 
added solute yield valuable and significant information on solute-solvent 
interactions. The reason of studying viscometric properties of amino acids is that 
many amino acids and their derivatives are known as compensatory (or compatible) 
solutes in stabilizing proteins and enhancing enzyme activity [98-100]. 
The viscosity and its derived parameters such as relative viscosity, specific 
viscosity, intrinsic viscosity, activation free energy, activation enthalpy and 
activation entropy have been used to study the shape and size of macromolecules 
and the solute-solvent interactions in solutions [20,21,30,72,84,88,97]. The specific 
viscosity data are also used to calculate the hydrodynamic volume of solute. The 
specific viscosity is dependent on solute concentration whereas the intrinsic viscosity 
is independent of solute concentration and characteristic of the solute alone [98J. 
The solute-solvent interactions and the extent of solute hydration can also be 
studied in terms of B-coefficient of Jones-Dole equation [99]. The B-coefFicient 
is a measure of effective solvodynamic volume of solvated ion and is governed 
by size and shape effects of solute, and the structural effects induced by the solute-
solvent interactions [21,101-113]. The effect of solute size on the B-coefficient is 
apparent from solvodynamic theories. A 'structure-building' solute lowers the 
average effective kinetic energy of the solvent molecules and thus increases the 
viscosity of the solution, and leads to a high B-coefficient values. Because of 
the exponential relationship between viscosity and temperature [109], a rise in 
temperature of the solution as a whole cause B-coefficient to fall. Such 
behaviour has been used to identify 'structure making' solutes [114]. Conversely, 
'structure breaking' solutes have rather low B-coefficients, which increase with an 
increase in temperature [114,115]. In the case of electrolytes, the B-coefficient is 
a measure of the order or disorder introduced by ions into their co-spheres [116]. 
A positive B-coefficient indicates that the ion tends to order the solvent structure 
and increase the viscosity of the solution, whereas a negative B-coefficient 
indicates disordering and a decrease of viscosity. The partitioning of the B-
coefficient into their ionic components was first proposed by Cox and Woefenden 
[116] and it was examined by Gurney [117] and Kaminsky [118]. Martin and 
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Tsangaris [114] studied the structure-making / - breaking effect of dipolar 
molecules such as sarcosine, hydroxyproline, proline, aminocaproic acid, 
glutathione, sulfamic acid, taurine, glycine, betaine, serine, glycylglycine, and 
triglycine on water in terms of B-coefficient and its temperature derivative, 
dB/dT, values. They found that the magnitude of dB/dT values are more important 
than the B-coefficient values for explaining the structure-making / - breaking 
effect of dipolar molecules on water. Activation parameters such as free energy, 
enthalpy and entropy give information about structure-making and structure breaking 
ability[l 19,120]. 
Isothermal compressibility, a thermodynamic parameter, provides a better 
understanding of the interactions in solutions. It is a sensitive measure of solute-
solvent interactions and can be used to monitor solute hydration in aqueous solutions 
[57,121]. It is not easy to determine isothermal compressibility values directly [57]. 
The precise measurements of speed of sound and density data have been used to 
calculate the isentropic compressibility values rather than isothermal 
compressibility. However, from the knowledge of coefficient of thermal expansion 
and heat capacity, it is possible to convert isentropic compressibility into the more 
useful thermodynamic quantity that is isothermal compressibility [122,123], 
Moreover, there is a direct link, through statistical thermodynamics, between the 
mean square volume fluctuations of protein and its isothermal coefficient of 
compressibility [123]. Pandey and Vyas [124] proposed a relation for the calculation 
of isothermal compressibility by combining the Mc-Gowan's relation [125] between 
isothermal compressibility and surface tension, and that of Auerbach's relation 
[126] between speed of sound and surface tension. 
The role of internal pressure in liquid solution thermodynamics was 
recognized many years ago by Hildebrand [127] following earlier work by Van 
Laar [128]. The use of this property for a long time was qualitative but recently its 
usefulness has been explored for quantitative study of intermolecular forces. The 
internal pressure has been computed from the viscosity, density and speed of sound 
data using an indirect method proposed by Suryanarayan [129]. It provides a measure 
of explaining molecular interactions, internal structure, clustering phenomenon, ionic 
interactions and dipolar interactions. Internal pressure is the result of the forces of 
attraction and repulsion between molecules in a liquid. The accurate direct 
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measurements of the internal pressure of fluids and fluid mixtures are known to give 
valuable information regarding the nature of the intermolecular interactions. Dhondge 
et al. [130] discussed the extent of hydrogen bonding between solute and solvent 
in terms of internal pressure data. 
The solubility parameter is introduced by Hildebrand and Scott in 1950 [131]. 
The solubility parameter is the square root of the cohesive energy density value. 
The parameter has been extensively reviewed by Barton [132,133]. The 
applications of solubility parameters and cohesive energy density data in industrial 
processes have been reported by a number of authors [133-137]. Solubility 
parameter data has also well correlation with the permeability of drugs into body 
[137,138]. Solubility parameters have found their greatest use in the coatings industry 
to aid in the selection of solvents. They are used in other industries, however, to 
predict compatibility of polymers, chemical resistance, and permeation rates and even 
to characterize the surfaces of pigments, fibers and fillers. Solubility parameters for 
amino acids in mixed aqueous media [139-144] have been determined by a 
number of workers. 
The pseudo-Gruneisen parameter has been studied successfully by several 
workers [145-148] for investigating quasi-crystalline behaviour and internal structure 
of liquids. The pseudo-gruneisen parameter, a dimensionless constant, is governed by 
the molecular order and lattice behaviour of substances. A number of authors have 
evaluated the parameter for solids, pure liquids, liquid mixtures and aqueous 
systems [80,148-158]. Singh and Upmanyu [159] computed pseudo-gruneisen 
parameter for trans 4-cyano cinnamic acid ester liquid crystal and explained results in 
terms of intermolecular interaction present in the system. Shahla et. al. [147] reported 
the pseudo-gruneisen parameter values of binary liquid mixtures of ethyl butyrate 
with methanol and vinyl acetate at 298.15 K. Pandey et. al. [160] made theoretical 
estimation of pseudo-gruneisen parameter using Flory's statistical theory for liquids 
binary and ternary mixtures at varying temperatures. 
An exhaustive literature survey reveals that a number of 
thennodynamic properties of amino acids and peptides have been studied in 
aqueous medium but some researchers [20,21,30,62-73,84,88,141-146] have 
attempted to investigate the behaviour of these model compounds of proteins 
in aqueous electrolyte solutions. Consequently, with a view to understanding the 
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thermodynamic behaviour of amino acids and peptide: L-leucine, L-isoleucine, L-
glutamine, L-alanine and glycylglycine in 0.512 mol.kg"' aqueous K2SO4 and 0.512 
mol.kg"' aqueous KNO3 solutions, the density (p), speed of sound (u) and viscosity 
(r|) values as a function of molal concentration of amino acid / peptide and 
temperature: (298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K have been 
measured. Using the experimentally measured data, apparent molar volume (0v). 
partial molar volume (0°), transfer partial molar volume (Atr0\?), isentropic 
compressibility (KS), apparent molar isentropic compressibility (0K), partial molar 
isentropic compressibility (^K"), transfer partial molar isentropic compressibility 
(Atr0K )^, change (AKS) and relative change (AKS / KQ) in isentropic compressibility, 
specific acoustic impedance (Z), relative association (RA), isothermal 
compressibility (K^), internal pressure (Pi), solubility parameter (5). pseudo-
gruneisen parameter (F), relative viscosity (rir), specific viscosity (r|sp), Jones-Dole B-
coefficient, activation free energy (An"), activation enthalpy (AH^") and activation 
entropy (ASi") values have been evaluated. The measured and computed parameters 
have been discussed in terms of ion-ion, ion-hydrophillic and ion-hydrophobic 
interactions. It is expected that this study will be helpful in understanding the 
thermodynamic behaviour of proteins in their native as well as in denatured state. 
EXPERIMENTAL 
MATERIALS AND SAMPLE PREPARATION 
Materials: L-leucine, L-isoleucine, L-glutamine, L-alanine, and glycylglycine with 
purity of min 99% (by mass fraction) were obtained from SRL, India. Potassium 
sulphate and potassium nitrate with purity of min 99% (by mass fraction) were 
obtained from E. Merck, India. The amino acids and dipeptide were recrystallized 
twice in the mixtures of ethanol and water. Then, they were dried at 273.15 K and 
stored over P2O5 in a vacuum dessicator for at least 72 h before use. The potassium 
sulphate and potassium nitrate were recrystallized twice in triply distilled water. Then, 
they were dried at 423.15 K for at least 3 h and stored over P2O5 in a vacuum 
dessicator for a minimum of 48 h at room temperature before use. 
Procedure: Stock solutions of 0.5 mol-L" aqueous K2SO4 and 0.5 molL"' aqueous 
KNO3 were prepared at 298.15 K in triply distilled water and were used as solvents 
for the preparation of L-leucine, L-isoleucine, L-alanine, L-glutamine and 
glycylglycine solutions. The molality of both 0.5 mol-L"' aqueous K2SO4 and 0.5 
mol-L'" aqueous KNO3 solutions was found to be 0.512 mol-kg"'. All the solutions 
were stored in special air tight bottles to prevent the exposure of solutions to air and 
evaporation. 
DENSITYAND SPEED OF SOUND MEASUREMENTS 
The density and speed of sound values of the solutions were measured at 
different temperatures with the Density and Sound velocitymeter (Anton Paar DSA 
5000 M, Austria). The uncertainties in density and speed of sound measurements were 
within ± 510"' kg-m"^  and ± 0.5 m-s"', respectively under the most favourable 
conditions. The reproducibilities of the density and speed of sound values were found 
to be ± 1.10" kg-m"^  and ±0.1 m-s"', respectively. 
INSTRUMENT 
Anton Paar DSA 5000M 
Measuring principle 
The Anton Paar DSA 5000M simultaneously measures two independent 
properties: density and speed of sound with one sample. The two in one instrument is 
equipped with a density cell and a sound velocity cell thus combining the proven 
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Anton Paar oscillating U-tube method with a highly accurate measurement of sound 
velocity. Both cells are temperature-controlled by a built-in Peltier thermostat. 
The Oscillating U-tube Method 
The sample is introduced into a U-shaped glass tube that is being excited to 
vibrate at its characteristic frequency electronically. The characteristic frequency 
changes depending on the dfensity of sample. Through a precise determination of the 
characteristic frequency and a mathematical conversion, the density of the sample can 
be measured. 
The density is calculated from the quotient of the period of oscillations of the U-tube 
and reference oscillator: 
Density = KAx Q^ x f,- KBx fj 
where, KA and KB are apparatus constants; Q is the quotient of the period of 
oscillation of the U-tube divided by the period of oscillation of the reference 
oscillator; and fi and f2 are correction terms for temperature, viscosity and non 
linearity. 
The sound velocity analysis 
The sample is introduced into the sound velocity measuring cell that is 
bordered by an ultrasonic transmitter on the one side and by a receiver on the other 
side. The transmitter sends sound waves of a known period through the sample. The 
velocity of sound can be calculated by determining the period of received sound 
waves and by considering the distance between the transmitter and the receiver. 
Original length x (1+ 1.6e-5 xAtemp) 
V 
— TAU X f3 
divisor 
where, original length is the original path length of the sound waves (factory default = 
5000 ^im); A temp is the temperature deviation to 20'^ c; Ps is the oscillation period of 
the received sound waves; Divisor is the 512; TAU is the apparatus constant for sound 
velocity; and f? is the correction term for temperature. 
Due to high temperature dependency of the density and velocity of sound values, the 
measuring cells have to be thermostated precisely. 
IS 
Accuracy 
(i) The period of oscillation of the U-tube is measured by optical pickups. 
(ii) Two integrated Pt 100 platinum thermometers together with Peltier elements 
provide an extremely precise thermostating of the sample. 
(iii) Thermobalance: An additional reference oscillator provides long-term stability 
and enables precise measurements over the whole temperature range of the 
instrument with the only adjustment at 20 C. 
(iv) Based on an additional measuring cell made of stainless steel and high resolution 
electronics, the velocity of sound of the filled in sample can be determined 
accurately. 
Error detection 
A measure source of measuring errors when using a density and sound velocity meter 
are gas bubbles in the filling of the measuring cells. This issue was addressed by 
Anton Paar with two new features: 
(i) Filling Check^'^: The instrument automatically detects gas bubbles in the density 
measuring cell by an advanced analysis of its oscillation pattern and generates a 
warning message. 
(ii) U-View^'^: You can visually inspect the density measuring cell using a real-time 
camera with zoom fijnction. 
VISCOSITY MEASUREMENT 
Canon-Fenske viscometer was used for the viscosity measurements of 
various solutions under study. The viscometer consists of three parallel arms with a 
common base. The viscometer was calibrated with the triple distilled water. The 
viscosity values of water at different temperatures were taken firom literature for 
calibration purpose. The clean and dry viscometer was filled with test solution and 
was clamped in the thermostated paraffin bath in a vertical position. The bath used 
for measurements of viscosity values was maintained at a desired temperature 
(±0.01) K for about 30 min prior to recording of readings at each temperature of 
study. In order to avoid the absorption of moisture by solution, the open ends of 
the three arms of viscometer were fitted with the anhydrous calcium chloride 
glass tubes through rubber tubes. The solution was sucked into the measuring 
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bulb and was allowed to stand there for about five minutes by closing the calcium 
chloride tubes with rubber corks and then the corks were removed for recoding the 
time of fall of solution from the upper to lower end of the bulb. After taking 
several readings at the desired temperature, the average of the very close values of 
time of fall was taken. 
The viscosity coefficient is defined as the following Poiseuille's equafion, 
Ti=7ighptr''/8vl (1) 
where g, h, p, r, 1 and t are acceleration due to gravity, height of the column in the 
viscometer, density of the liquid, radius of the viscometer's capillary, length and 
time of fall for the liquid of volume v through the capillary, respectively. The 
above equation can also be written as 
n = ppt (2) 
where P = 7tghr'*/8vl is constant for the given viscometer. The viscosity value of 
the test solution was calculated using the reported viscosity values of pure water at 
various temperatures. The equation (3) given below was employed for the 
calculation of viscosities of solutions. 
Til = (P,t,/p2t2) XTi2 (3) 
where r|,, p, and t, are the viscosity coefficient, density and time of fall of the 
solution, respectively, whereas the r|2, P2 and t2 are the viscosity coefficient, 
density and time of fall of the solvent at the given temperature, 
respectively. The uncertainty in viscosity measurements was found to be within ± 
3x10 N-m"^-s. 
CHAPTER'] 
Partial Molar Volumes and Transfer Partial Molar 
Volumes of L-leucine / L-isoleucine / L-glutamine / L-




Volumetric measurements have been applied to characterizing conformational 
states of proteins, including the native, compact intermediate, fully and partially 
unfolded states [60,94,96,161,162]. Volumetric properties are known to be sensitive 
to the degree and nature of solute solvation. The partial molar volume of protein is a 
characteristic parameter that has been used to elucidate several processes such as the 
protein conformation changes, protein aggregation or polymerization [163-168]. 
Partial molar volume gives information about solute hydration and solute-
solvent interactions. Moreover, its temperature-dependence may be quite usefiil in 
characterizing the structural hydration effect, as the intrinsic volume of the solute is 
almost independent of temperature [47,169,170]. Partial molar volumes of amino 
acids / peptides in aqueous salt solutions have been studied by a number of 
researchers in order to obtain information about various types of interactions \ iz 
solute-solvent, solute-solute, solvent-solvent interactions operative in solutions [15-
27]. Ren et al. reported the transfer partial molar volume of L-alanine in 0.4986 
mol.kg"' aqueous Na2S04 solution [171]. Transfer partial molar volume of L-leucine 
has been reported by Banipal et al. [172] in 0.5 mol.kg"' aqueous magnesium acetate 
solution at 298.15 K. Wang et al. [173] reported transfer partial molar volumes of L-
alanine and glycylglycine in 0.5 mol.kg'' aqueous NaCl solution at 298.15 K. Lin et 
al. [174] reported transfer partial molar volume of glycylglycine in 0.4829 mol.kg"' 
aqueous sodium halide at 298.15 and 308.15 K. Gaur et al. [175] reported the transfer 
partial molar volume of L-glutamine in 0.5 mol.kg"' aqueous NH4CI solution at 
298.15 K. 
This chapter, is focused on the study of partial molar volumes and transfer 
partial molar volumes of L-leucine, L-isoleucine, L-glutamine, L-alanine and 
glycylglycine in 0.512 mol.kg"' aqueous K2SO4 or 0.512 mol.kg"' aqueous KNO3 
solution as ftmctions of molal concentration of amino acids / peptide and temperature: 
(298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K with a view to understanding 
the solute-solvent interactions in the systems. 
RESULTS AND DISCUSSION 
The densities of L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine + 0.512 mol-kg"' aqueous K2SO4 / KNO3, systems have been measured 
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as a function of molal concentration of L-leucine / L-isoleucine / L-gliitamine ' L-
alanine / glycylglycine at temperatures, T = (298.15, 303.15, 308.15, 313.15, 318.15 
and 323.15) K. The measured values of p of the studied systems have been listed in 
the Table 1.1. The plots of density values versus solute concentration at different 
temperatures are shown in Figs. 1.1-1.10. The density values of amino acids ' 
peptide in 2 M aqueous KNO3 / KCl, 1.5 M aqueous KNO3 / KCl, 2 M aqueous NaCl 
/ NaNOs, 0.5 M aqueous K2SO4 and IM aqueous KNO3 solutions have been reported 
earlier from our laboratory [63,64,67]. The density values of the studied systems 
exhibit usual increase with an increase of the molal concentration of amino acids / 
peptides and decrease with an increase in temperature in 0.512 molkg' aqueous 
K2SO4 / KNO3 solutions. All the systems seem to exhibit almost linear behaviour of 
p in their variation with increase in molal concentration of L-Ieucine / L-isoleucine / 
L-glutamine / L-alanine / glycylglycine concentration as well as with temperature. 
The measured densities of solutions have been least-squares fitted to the following 
second order polynomial equations, 
p/gcm'^=Po-l-pim-I-p2m^ (1.1) 
p/g-cm-^=Po'-Kp,'T-Fp2'T' (1.2) 
where po, pi, P2, Po', pT, P2'; m and T are the fitted coefficients, molal concentration 
of solution and temperature, respectively. The least-squares fitted coefficients of 
the above polynomial equations along with the standard deviations are listed in 
Tables 1.2 and 1.3, respectively. The density values of all the studied systems have 
been found to be higher than those of 0.512 molkg"' aqueous K2SO4 / K.NO3 
solutions used as solvent at all temperatures of study as envisaged [176]. 
Using the measured densities of solvent and solution, the apparent molar 
volumes have been calculated by the following equation, 
0v=(M/p)-{(p-po)/mppo} (1.3) 
where m is the molality of the solution; M is the molar mass of the solute (kg-mol"') ; 
and Po and p are the densities (kg-m"'') of solvent and solution, respectively. The 
computed apparent molar volumes of amino acids / peptide in 0.512 molkg ' 
aqueous K2SO4 / 0.512 mol-kg"' aqueous KNO3 solution as functions of solute 
concentration and temperature: (298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) 
K have been given in the Table 1.4. The plots of apparent molar volume values 
versus solute concentration at different temperatures are shown in Figs 1.11-1.20. The 
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TABLE 1.1 Densities (p xlO", kg- m' ) as functions of molal concentration of amino 
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(ii) L-leucine in 0.512 mol-kg"' aqueous KNO3 solution 
























































































































































































































































(vii) L-alanine in 0.512 molkg' ' aqueous K2SO4 solution 
0.0000 1.063810 1.062020 1.060060 1.057740 
0.1901 1.068612 1.066782 1.064793 1.062453 
0.3847 1.073232 1.071325 1.069282 1.066893 
0.5849 1.077812 1.075943 1.073877 1.071448 
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Fig. 1.1 Densities versus molal concentration of L-leucine in 0.512 mol-kg"' 
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Fig. 1.2 Densities versus molal concentration of L-leucine in 0.512 molkg" 
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Fig. 1.3 Densities versus molal concentration of L-iso leucine in 0.512 molkg' 




Fig. 1.4 Densities versus molal concentration of L-iso leucine in 0.512 molkg' 
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Fig. 1.5 Densities versus molal concentration of L-ghitamine in 0.512 molkg"' 
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Fig. 1.6 Densities versus molal concentration of L-glutamine in 0.512 mol-kg ' 
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Fig. 1.7 Densities versus molal concentration of L-alanine in 0.512 molkg" 
aqueous K2SO4 solution. 
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m, mol.kg' 
Fig. 1.8 Densities versus molal concentration of L-alanine in 0.512 raol-kg' 
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Fig. 1.9 Densities versus molal concentration of glycyiglycine in 0.512 molkg' 
aqueous K2SO4 solution. 
m, mol.kg" 
Fig. 1.10 Densities versus molal concentration of glycyiglycine in 0.512 molkg"' 
aqueous KNO3 solution. 
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TABLE 1.2 po, pi and p2 coefficients as a fiinction of temperature 
T/K 
po/ pixlO^/ P2XIO7 
3x / -3N // 11 -K / -3 1\2 (g'cm ) (gcm'O /(mol-kg ) (gcm"7(mol-kg ) 
'o[p]XlOV 
(gcm" )^ 





























































































(iv) L-isoleucine in 0.512 mol-kg aqueous KNO3 solution 
298.15 1.0271 0.023 -0.012 
303.15 1.0261 0.023 -0.012 
308.15 1.0241 0.024 -0.016 






318.15 1.0203 0.024 -0.018 0.23 
323.15 1.0183 0.024 -0.012 0.42 
























































































































323.15 1.0183 0.026 -0.016 0.37 































































TABLE 1.3 p„'. pi', and p2' coefficients as a function of molal concentration of amino 
acid / peptide 
ml Po/ 
mol-kg"' (gcm"^) 
p, x lO"/ P2XIO''/ O[p]Xl07 
(g-cm"^)/(mol-kg"') (gcm"V(mol-kg"'f (gcm"^) 

























































































































































































































(vii) L-alanine in 0.512 mol-kg'' aqueous K2SO4 solution 
0.0000 0.8817 0.158 -3.257 16.62 
0.1901 0.8943 0.154 -3.192 15.94 
0.3847 0.9224 0.139 -2.979 16.39 
0.5849 0.8951 0.160 -3.324 16.26 
0.7905 0.9664 0.118 -2.641 16.27 
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1.0017 0.9331 0.143 -3.052 14.81 
1.2185 0.7820 0.243 -4.656 18.45 













































































































TABLE 1.4 Apparent molar volumes (^yXlO'', m\ mol') as flinctions of molal 
concentration of amino acid / peptide and temperature 
_ _ _ _ _ 
mol-kg-' 298.15 303.15 308.15 313.15 318.15 323.15" 































































































































































































































































































































































































































































— I — 
0.02 0.04 0.06 0.08 0.10 0.12 
m, mol.kg" 
Fig. 1.11 Apparent molal volumes versus molal concentration of L-leucine 
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Fig. 1,12 Apparent molal volumes versus molal concentration of L-leucine 
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Fig. 1.13 Apparent molal volumes versus molal concentration of L-isoleucine 
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Fig. 1.14 Apparent molal volumes versus molal concentration of L-isoleucine 


















Fig. 1.15 Apparent molal volumes versus molal concentration of L-giutamine 
in 0.512 molkg' aqueous K2SO4 solution. 
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Fig. 1.16 Apparent molal volumes versus molal concentration of L-ghitamine 
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Fig. 1.20 Apparent molal volumes versus molal concentration of glycylglycine 
in0.512 molkg"' aqueousKNO3 solution. 
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apparent molar volumes have been fitted by least squares method to the following 
equation [177], 
0v=0v+Svm (1,4) 
where (p°, is the apparent molar volume at infinite dilution that is also refeixed to as 
the partial molar volume of the solute. Sv, the experimental slope, is the volumetric 
pairwise interaction coefficient [178,179]. The (p", Sv and Oy (standard deviation) 
values of L-leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine in 0.512 
mol-kg' aqueous K2SO4 / 0.512 mol-kg'' aqueous KNO3 solution have been listed in 
the Table 1.5. The observed and the literature values of 0° of the studied amino acids 
and peptide have been listed in Table 1.6 for the comparison purpose. The 0° of L-
leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg" 
aqueous K2SO4 / 0.512 mol-kg"' aqueous KNO3 solutions are higher than the 
corresponding values in aqueous medium at all temperatures of study. The (f)° values 
of amino acids / peptide in 0.512 mol.kg"' aqueous K2SO4 / 0.512 molkg"' aqueous 
KNO3 solutions show an increasing trend with an increase in temperature. In neutral 
solutions, amino acid / peptide molecules exist as zwitterions [21,174,180,181]. The 
electrostriction of water molecules occurs near the terminal groups of zwitterions, 
NHa"" and COO". The presence of K ,^ S04^" and NO3" ions furnished by K2SO4 and 
KNO3 affect the hydration spheres of charged terminal groups (C00~ / NH3^) of 
zwitterions. As a result of K^ -COO"", S04^" -NHs^ and NOf -NHj^ interactions, the 
hydrated zwitterions may relax some water molecules to the bulk water which, in 
turn, may cause an increase in the volume. The larger values of 0 ° of L-leucine / L-
isoleucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg"' aqueous K2SO4 
/ 0.512 mol-kg"' aqueous KNO3 solutions than the corresponding values in aqueous 
medium may be due to the following interactions occuring in solutions [182]; 
(i) ion-ion interactions between ions (K^ / SO4""/ NO3") and zwitterionic end groups 
(COO" / NHj^). 
(ii) ion-non polar group interactions occurring between ions (K^, SO4'", NO3") and 
the non-polar groups (-CH3-CH2-CH-CH3-, -CHCH2(CH3)2- / CH3) of amino 
acid / peptide, 
(iii) ion-hydrophilic interactions between ions (K^, S04^", NO3") and hydrophilic 
groups (-CONH2-, CONH) of amino acid / peptide zwitterions. 
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TABLE 1.5 0v - Svand Ov values at different temperature 
0°xlO7 SvXlOV avXlOV 
T / K (m^-mol') (m^-mol'^kg) (rn'mol"') 
(i) L-leucine in 0.512 mol-kg"' aqueous K2SO4 solution 
298.15 110.53 17.11 • 0.5 
303.15 110.68 21.40 0.6 
308.15 111.06 17.26 0.5 
313.15 111.33 17.68 0.5 
318.15 111.84 13.30 0.7 
323.15 112.04 14.15 0.5 
(ii) L-leucine in 0.512 mol-kg'' aqueous KNO3 solution 
298.15 109.07 8.47 0.1 
303.15 109.36 8.41 0.1 
308.15 109.65 7.56 0.2 
313.15 109.94 11.34 0.2 
318.15 110.34 -2.47 0.1 
323.15 110.99 -0.91 0.1 
(iii) L-isoleucine in 0.512 mol-kg'^ aqueous K2SO4 solution 
298.15 107.24 7.67 0.3 
303.15 107.45 12.13 0.4 
308.15 107.77 12.25 0.4 
313.15 108.12 12.12 0.4 
318.15 108.37 13.49 0.4 
323.15 108.54 17.22 0.6 
(iv) L-isoleucine in 0.512 mol-kg"' aqueous KNO3 solution 
298.15 106.05 3.53 0.2 
303.15 106.30 3.34 0.2 
308.15 106.43 5.52 0.2 
313.15 106.53 40.22 0.3 
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318.15 107.34 21.45 0.2 
323.15 107.66 20.80 0.4 



























































































323.15 61.74 0.23 0.1 
(ix) glycylglycine in 0.512 mol-kg'* aqueous K2SO4 solution 
298.15 76.68 0.20 0.4 
303.15 76.83 0.19 0.5 
308.15 76.96 0.20 0.8 
313.15 77.10 0.20 0.8 
318.15 77.24 0.20 0.8 
323.15 77.38 0.20 0.8 
(x) glycylglycine in 0.512 mol*kg"' aqueous KNO3 solution 
298.15 76.54 0.15 0.7 
303.15 76.67 0.15 0.7 
308.15 76.80 0.15 0.7 
313.15 76.93 0.15 0.7 
318.15 77.06 0.15 0.7 
323.15 77.19 0.15 0.7 
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TABLE 1.6 Observed and literature partial molar volumes of amino acids / peptide at 
298.15 K 
T / K Amino acid This work Literature values 
/ Peptide Solvent 0°xloV Solvent (^"xlo'V 
(m -^ mol"') (m • mol"') 
298.15 L-leucine Aqueous 107.32 
0.512 mol-
kg ' K2SO4 
298.15 L-glutamine Aqueous 
10.53 
0.512 mol- 109.07 
kg"' KNO3 
298.15 L-isoleucine Aqueous 105.37 
93.82 
0.512 mol- 93.93 
kg ' K2SO4 
0.512 mol- 93.87 
kg"' KNO3 
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The (p" values of (L-leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine) 
in 0.512 molkg"' aqueous K2SO4 solution are higher than those of corresponding 
values in 0.512 molkg ' aqueous KNO3 solution at all temperature of study. This 
trend may be ascribed to stronger zwitterion-S04"" interactions than zwitterion-NOj" 
interactions due to stronger polar nature of 804"' in comparison with NO3". Moreover, 
each K2SO4 molecule furnishes two K^ ions whereas KNO3 molecule provides one K" 
ion in solutions. Thus, the presence of twice number of K^ ions in 0.512 mol-kg ' 
aqueous K2SO4 solution lead to higher magnitude of interactions in solution. The 
trend of variation of 0v? values of L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine in 0.512 molkg"' aqueous K2SO4 or 0.512 molkg"' aqueous KNO3 
solutions is found to be as: 
L-leucine > L-isoleucine > L-glutamine > glycylglycine > L-alanine 
The largest 0°of L-leucine can be attributed to the domination of ion (K' / SO4-" / 
NO3") - ion (-C00" / NH3^) interactions and ion-hydrophobic interactions between 
ion K^ / S04^" / NO3" and hydrophobic group -(CH3)2 CH-CH2 of L-leucine than those 
of ion-ion, ion (K^ / S04^" / NO3") - hydrophobic group {-CH3-CH2-CH3-CH) 
interactions of L-isoleucine. Liu et al. reported the similar trends of hydrophobic 
interactions of L-leucine and L-isoleucine in aqueous ammonium sulphate through 
chromatographic studies [183]. The ions-ions and ions-hydrophobic groups 
interactions of L-isoleucine dominate over the ions-ions, ions-hydrophilic groups 
interaction of L-glutamine. The (p° of L-glutamine can be attributed to the domination 
of ions (K^ / SO4"" / NO3') - ions (-C00~ / NH3^) interactions and ions-hydrophilic 
groups interactions between ions (K"^  / S04^" / NO3") and hydrophilic group (-CONH2) 
of L-glutamine over the ions-ions and ions-hydrophillic groups interactions between 
ions (K^ / S04^" / NO3") and hydrophilic group (-CONH) of glycylglycine. The ions-
hydrophillic groups interactions are absent in L-alanine - aqueous K2SO4 / KNO3 
system. The ions-ions interactions and ions-hydrophillic groups interactions dominate 
over ions-hydrophobic group interactions in (L-glutamine-aqueous salts) and 
(glycylglycine-aqueous salt) systems. In case of L-alanine, the ions (K^ / SO4'' / NO3") 
- ions (-C00" / NH3^) interactions dominate over ions (K^ / SO4'" / NO3") -
hydrophobic group (-CH3) interactions. The increase in (p° values with an increase in 
temperature may be attributed to the volume expansion of hydrated zwitterions or 
reduction in electrostriction. Similar trends of variations of partial molar volumes of 
51 
L-leucine. L-isoleucine, L-glutamine, L-alanine and glycylglycine in aqueous medium 
at 298.15 K have been reported by Zhao [184] and of L-alanine, L-leucine and L-
isoleucine in aqueous medium at different temperatures have been reported by 
Kikuchietal. [185]. 
The partial molar volumes of transfer (Atr0v) of (L-leucine / L-isoleucine / L-
glutajnine / L-alanine / glycylglycine) from water to 0.512 mol-kg' aqueous K2SO4/ 
0.512 molkg"' aqueous KNO3 solutions at atemperatiire is defined as, 
Atr0° = 0v (0.512 molkg"' aqueous K2SO4/ 0.512 molkg"' aqueous KNO3 solution) -
0° (water) (1.5) 
The Atr0v values of (L-leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine) 
from water to 0.512 molkg"' aqueous K2SO4 / 0.512 mol-kg"' aqueous KNO3 solutions 
at different temperatures have been listed in the Table 1.7. The Atr^ y" values of L-
leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine are positive in both 
aqueous electrolyte solutions and increase with an increase in temperature. According 
to the Kirkwood model, the hydration spheres of K^ and carboxylate ion (COO ~); and 
those of S04^" or NO3" with the ammonium ions (NH3^) will coordinate in L-leucine / 
L-isoleucine / L-glutamine / L-alanine / glycylglycine- aqueous K2SO4 / KNO3 
systems. As a result of these interactions, the water molecules are allowed to relax to 
the bulk water, and this accounts for the positive transfer volume values of amino acids 
/ peptide from water to aqueous electrolyte solution [186]. The Atr0° values of L-
leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine in 0.512 mol.kg"' 
aqueous K2SO4 solution are higher than those in 0.512 molkg"' aqueous KNO3 
solution. This trend of variation of Atr^ v can be attributed to the higher magnitude of 
reduction of electrostricted water molecules in the case of aqueous K2SO4 solution than 
in aqueous KNO3 solution. The similar observation of positive partial molar volumes 
of transfer has been reported by Bhat and Ahluwalia for L-leucine, DL-alanine and 
glycylglycine in aqueous NaCl solution at 298.15 K [13]. The increase in A,r0vOf L-
leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine in 0.512 mol-kg"' 
aqueous K2SO4 / KNO3 solution with an increase in temperature in the range (298.15-
323.15) K suggest the corresponding reduction of electrostricted water molecules. 
Franks et al. [187] have pointed out that the partial molar volume of a non-
electrolyte is a combination of two factors, viz., the intrinsic volume of the solute and 
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TABLE 1.7 Transfer partial molar volumes, (A,r0°xlO^, m^-mol" ), of amiiio acid 
peptide from water to 0.512 mol-kg"'aqueous K2SO4 / 0.512 mol-kg"' aqueous KNO3 
solutions at different temperatures 
A.^ c^^xio*', m^mol"' 
T/K=298.15 T/K=303.15 T/K=308.15 T/K=313.15 T/K=318.15 T/K=323.15 
(i) L-leucine in 0.512 mol-kg'' aqueous K2SO4 solution 
3.21 3.25 3.51 3.63 4.02 4.12 
(ii) L-leucine in 0.512 mol-kg' aqueous KNO3 solution 
1.75 1.93 2.10 2.24 2.52 3.07 
(iii) L-isoleucine in 0.512 mol-kg'* aqueous K2SO4 solution 
1.87 2.02 2.29 2.57 2.72 2.82 
(iv) L-isoleucine in 0.512 mol-kg'' aqueous KNO3 solution 
0.68 0.87 0.95 0.98 1.69 1.94 
(v) L-glutamine in 0.512 mol-kg'' aqueous K2SO4 solution 
0.63 0.82 0.95 1.04 1.14 1.22 
(vi) L-glutamine in 0.512 mol-kg' aqueous KNO3 solution 
0.46 0.51 0.53 0.55 0.60 0.61 
(vii) L-alanine in 0.512 mol-kg'' aqueous K2SO4 solution 
0.11 0.21 0.22 0.32 0.42 0.51 
(viii) L-alanine in 0.512 mol-kg' aqueous KNO3 solution 
0.05 0.14 0.19 0.24 0.33 0.43 
(ix) glycylglycine in 0.512 mol-kg'' aqueous K2SO4 solution 
0.25 0.27 0.29 0.30 0.34 0.38 
(x) glycylglycine in 0.512 mol-kg' aqueous KNO3 solution 
0.11 0.15 0.20 0.22 0.24 0.26 
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the volume changes due to its interactions with the solvent. The intrinsic volume has 
been considered to be made up of the following two types of contributions [188,189] 
Vintrinsic ~ * vw + Vyoid ( 1 o ) 
where Vvw is the van der waals volume [190,191] and Vvoid is the volume associated 
with the voids or empty spaces present therein. Shahidi et al. [188] have modified the 
above equation in order to evaluate the contribution of solute molecule towards its 
partial molar volume as 
0v'', = Vvw + Vvoid-nos (1.7) 
where as is the shrinkage in volume produced by the interaction of hydrogen bonding 
groups present in the solute with water molecules and n is the potential number of 
hydrogen bonding sites in the molecule. Partial molal volume can be evaluated as 
(pv ^ Vvw + Vvoid - Vshrinkage ( 1 - 8 ) 
If it is assumed that Vvw and Vvoid remain of the same magnitude in water and 
aqueous K2SO4 / KNO3 solution, the observed positive partial molar volume of 
transfer of L-leucine / L-isoleucine / L-glutamine / L-alanine / glycylglycine can be 
explained in terms of a decrease in volume shrinkage in presence of K2SO4 / KNO3 
molecules than in aqueous medium. Because of stronger interactions occurring 
between NHs^  and S04 "^ / NO3'; and COO' and K^  in the studied systems the 
electrostriction of the neighbouring water molecules due to the charged zwitterionic 
centers will be reduced in the presence of K2SO4 / KNO3 molecules. This 
phenomenon will lead to the reduction in the shrinkage volume. 
CHAPTER-II 
Partial Molar Isentropic Compressibilities and Transfer 
Partial Molar Isentropic Compressibilities of L-leucine 
/ L-isoleucine / L-glutamine / L-alanine / Glycylglycine 
in 0.512mol-kg'Aqueous K2SO4/KNO3Solutions 
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INTRODUCTION 
The speed of sound data and its derived thermodynamic parameters such as 
isentropic compressibility, change in isentropic compressibility, relative change in 
isentropic compressibility, apparent molar isentropic compressibility, partial molar 
isentropic compressibility, transfer partial molar isentropic compressibility, specific 
acoustic impedance and relative association values have been useful in gaining 
information on the dynamics of systems [81-83], physical nature of the aggregates 
occurring in the solutions [8,82,75], structural changes of solutes and solvents in 
solutions, [84] and interactions in solutions [6-10]. Kikuchi et al. [185] reported the 
speeds of sound of L-alanine, L-leucine and L-isoleucine in aqueous solution at 
different temperatures. Yasuda et al. [70] reported the speed of sound values of L-
glutamine in aqueous solution at different temperatures. Pal et al. [13] reported speed 
of sound values of L-alanine in 0.4 mol.kg"' aqueous MgCl2.6H20. Rehmat et al. 
[186] reported the speed of sound values of L-alanine in 0.50 moLkg"' aqueous 
KH2Cit solutions at different temperatures. Santosh et al. [68] reported the speed of 
sound values of glycylglycine in 0.50 M aqueous MnCb solution at different 
temperatures. 
The apparent molar isentropic compressibility at infinite dilution is known as 
partial molar isentropic compressibility. The partial molar isentropic compressibility 
is a measure of the resistance offered against compression, which the solute imparts 
towards the solvent and thus provides information about solute-solvent interactions 
in solutions [16,17,192-196]. Yasuda et al. [70] reported the partial molar isentropic 
compressibilities of L-glutamine in aqueous medium at different temperatures. 
Rehmat et al. [197] reported partial molar isentropic compressibilities of L-alanine in 
0.5 molkg ' aqueous (NH4)2HCit at different temperatures. Banipal et al. [14] 
reported partial molar isentropic compressibilities of glycylglycine in 1 M aqueous 
NaCl at 298.15 K. Ramasami et al. [181] reported the partial molar isentropic 
compressibilities of glycylglycine in 0.5 mol.kg' aqueous sodium sulphate solution at 
different temperatures. Kikuchi et al. [185] reported the partial molar isentropic 
compressibilities of L-leucine and L-isoleucine in aqueous solution at different 
temperatures. 
The transfer partial molar isentropic compressibility is useful in elucidation of 
mutual interactions between amino acid / peptide and cosolute / cosolvent molecules. 
^.. T=8S-o8,-<| 55 
Rehmat et al. [197] reported the transfer partial molar isentropic compressibilities of 
L-alanine in 0.5 mol-kg"' aqueous (NH4)2HCit at different temperatures. Ramasami et 
al. [181] reported the transfer partial molar isentropic compressibilities of 
glycylglycine in 0.5 molkg"' aqueous sodium sulphate solution at different 
temperatures. Banipal et al. [14] reported transfer partial molar isentropic 
compressibility of glycylglycine in 1 M aqueous NaCl solution at 298.15 K. Banipal 
et al. [101] reported transfer partial molar isentropic compressibilities of L-leucine in 
0.5 mol.kg'' aqueous CdCb solution at different temperatures. 
This chapter reports a systematic study of speeds of sound, isentropic 
compressibilities, changes in isentropic compressibilities, relative changes in 
isentropic compressibilities, apparent molar isentropic compressibilities, partial molar 
isentropic compressibilities, transfer partial molar isentropic compressibilities, 
specific acoustic impedances and relative associations of amino acids and peptide: L-
leucine, L-isoleucine, L-alanine, L-glutamine and glycylglycine in 0.512 molkg' 
aqueous K2SO4 and 0.512 mol-kg'" aqueous KNO3 solutions as fiinctions of molal 
concentration of solute and temperature: (298.15, 303.15, 308.15, 313.15, 318.15 and 
323.15) K with a view to investigating the zwitterions-ions interactions in the 
systems. 
RESULT AND DISCUSSION 
The experimentally measured speed of sound values of L-leucine / L-
isoleucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg"' aqueous 
solutions of K2SO4 and KNO3 as functions of molal concentration of amino acid / 
peptide and temperature: (298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K are 
listed in Table 2.1. The plots of speed of sound values versus molal concentration of 
amino acid / peptide at different temperatures are shown in Figs. 2.1-2.10. The 
speed of sound velocity data have been least-squares fitted to the following equations, 
u/m-s"' =UQ+u,m (2.1) 
u/m-s"' =Uo'+u,'T (2.2) 
where Ug, Uj, Ug', Uj', m and T are the fitted coefficients, molal concentration of 
solution and temperature, respectively. The fitted coefficients along with their standard 
deviations are listed in the Tables 2.2 and 2.3, respectively. A close scrutiny of the 
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TABLE 2.1 Speed of sound, (u, m-s" ) as a flmction of molal concentration of amino 
acid / peptide and temperature 
m/ T/K 
molkg' 298.15 303.15 308.15 313.15 318.15 323.15 




































































































(iii) L-isoleucine in 0.512 mol-lig' aqueous K2SO4 solution 


































































































(v) L-glutamine in 0.512 mol-kg"' aqueous K2SO4 solution 















































































































































































































































































































Fig. 2.1 Speeds of sound versus molal concentration of L-leucine in 0,512 mol-kg"' 










0.00 0.02 0.04 0.06 0.08 
m, mol.kg 
0.10 0.12 
Fig. 2.2 Speeds of sound versus molal concentration of L-leucine in 0.512 molkg' 
aqueous KNO3 solution. 
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0.00 0.02 0.04 0.06 
m, mol.kg 
0.08 0.10 0.12 
Fig. 2.3 Speeds of sound versus molal concentration of L-iso leucine in 0.512 molkg' 
aqueous K2SO4 solution. 
1600 
0.00 0,02 0.04 0.06 0.08 0.10 0.12 
m, mol.kg"' 
Fig. 2.4 Speeds of sound versus molal concentration of L-iso leucine in 0.512 molkg"' 





Fig. 2.5 Speeds of sound versus molai concentration of L-glutamine in 0.512 mol-kg' 
aqueous K2SO4 solution. 
0.15 0.20 0.25 0.30 
m, mol.kg 
Fig. 2.6 Speeds of sound versus molal concentration of L-glutamine in 0.512 mol-kg"' 
aqueous KNO3 solution. 
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m, mol.kg" 
Fig. 2.7 Speeds of sound versus molal concentration of L-alanine in 0.512 mol-kg'' 
aqueous K2SO4 solution. 
0.4 0.6 0.8 
m, mol.kg"' 
l.O 1.2 1.4 
Fig. 2.8 Speeds of sound versus molal concentration of L-alanine in 0.512 mol-kg"' 


















— I ' 1 • 1 ' 1 • 1 ' 1 • r — 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
m, mol.kg" 
Fig. 2.10 Speeds of sound versus molal concentration of glycylglycine in 0.512 
molkg' aqueous KNO3 solution. 
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TABLE 2.2 Uo,Ui anda[u] coefficients as a function of temperature 
T / K 
uo/ 
(m-s-') 




(i) L-leucine in 0.512 mol-kg'' aqueous K2SO4 solution 
298.15 1562.72 110.37 
303.15 1571.67 117.98 
308.15 1580.30 112.03 
313.15 1587.60 106.20 
318.15 1593.61 101.70 







(ii) L-leucine in 0.512 mol'kg'' aqueous KNO3 solution 
298.15 1517.01 98.07 
303.15 1526.69 107.16 
308.15 1536.18 102.26 
313.15 1544.35 96.46 
318.15 1551.43 87.04 







(iii) L-isoleucine in 0.512 mol-kg'' aqueous K2SO4 solution 
298.15 1563.33 106.48 
303.15 1571.49 105.16 
308.15 1580.76 112.44 
313.15 1587.76 106.83 
318.15 1593.72 104.76 







(iv) L-isoleucine in 0.512 mol'kg' aqueous KNO3 solution 
298.15 1517.36 100.32 
303.15 1527.69 110.66 
308.15 1536.39 103.96 






318.15 1551.52 99.79 0.15 
323.15 1556.73 98.32 0.18 
(v) L-glutamine in 0.512 mol-kg"' aqueous K2SO4 solution 
298.15 1563.95 79.03 0.29 
303.15 1571.81 82.07 0.18 
308.15 1580.54 78.67 0.20 
313.15 1587.96 74.75 0.32 
318.15 1593.75 72.47 0.23 
323.15 1598.78 74.67 0.32 
(vi) L-glutamine in 0.512 mol-kg'* aqueous KNO3 solution 
298.15 1517.82 63.90 0.21 
303.15 1526.54 61.89 0.26 
308.15 1536.20 55.27 0.07 
313.15 1544.29 52.47 0.12 
318.15 1550.82 54.11 0.43 
323.15 1556.05 56.78 0.38 















































323.15 1559.91 49.35 2.14 
(ix) glycylglycine in 0.512 mol-kg"' aqueous K2SO4 solution 
298.15 1565.08 62.88 2.14 
303.15 1574.16 61.94 2.40 
308.15 1582.70 60.09 , 2.17 
313.15 1589.89 60.73 2.43 
318.15 1595.34 60.90 2.23 
323.15 1600.83 61.86 2.19 
(x) glycylglycine in 0.512 mol-kg"* aqueous KNO3 solution 
298.15 1518.18 54.06 0.38 
303.15 1526.96 53.83 0.59 
308.15 1535.78 54.41 0.53 
313.15 1543.59 55.27 0.68 
318.15 1550.95 55.70 0.40 
323.15 1557.20 57.57 0.68 
67 






(m-s)"V mol-kg"' (m-s)"' 















































































































































































(vii) L-alanine in 0.512 mol-kg" aqueous K2SO4 solution 
0.0000 1144.91 1.409 1.54 
01901 1162.69 1.389 1.63 
0.3847 1184.27 1.357 1.36 






































































































of the Table 2.1 reveals that the speed of sound values increase with an increase in 
temperature and with increase in molal concentration of amino acid / peptide in 
0.512 molkg ' aqueous K2SO4 / 0.512 mol-kg"' aqueous KNO3 solutions. The 
increase in speed of sound values of L-leucine / L-isoleucine / L-glutamine / L-
alanine / glycylglycine + 0.512 mol-kg' aqueous K2SO4 / 0.512 molkg'aqueous 
KNO3 solutions may be attributed to the overall increase of cohesion brought about 
by the solute-solute, solute-solvent and solvent-solvent interactions in solutions. 
Kirkwood [198] developed a theory based on electrostatic attraction between ions and 
zwitterions. The interactions between the ions and the charged end groups of 
zwitterions (-NH3*, -COO") may influence the hydration cosphere of amino acid / 
peptide. The u of L-alanine, L-leucine in 2 molL' ' aqueous KNO3 solution; of L-
glutamine in 0.5 molL"' aqueous K2SO4 solution; in 1 molL"' aqueous KNO3 and in 
1.5 molL"' aqueous KCl solutions; and of glycylglycine in 2 molL"' aqueous KNO3 
and 2 molL"' aqueous KCl solutions at various molal concentrations and 
temperatures have been reported from our laboratory earlier[63,65,67].The observed u 
of 0.1971 molkg"' of L-alanine in 0.512 mo lkg ' aqueous KNO3 solution at 298.15 K 
is 1530.26 ms"' whereas the reported u of 0.1802 m o l k g ' L- alanine in 2 molL"' 
aqueous KNO3 solution from our laboratory is 1571.3 m s ' [67]. The observed u of 
0.0472 molkg"' L- glutamine in 0.512 molkg"' aqueous K2SO4 and 0.0481 molkg"' 
L- glutamine in 0.5 molL"' aqueous KNO3 solutions at 303.15 K are 1575.99 and 
1529.56 (ms"'), respectively whereas the reported u of 0.0379 molkg"' L- glutamine 
in 0.512 mo lkg ' aqueous K2SO4 and 0.0381 mol-kg'' of L- glutamine in 1 molL"' 
aqueous KNO3 solutions at 303.15 K from our laboratory are 1574.0 and 1546.8 (ms" 
'), respectively[65]. The observed u of 0.1997 molkg"' glycylglycine in 0.512 
mol-kg"' aqueous KNO3 solution at 298.15 K is 1528.80 ms"' whereas the reported u 
of 0.0180 molkg"' glycylglycine in 2 molL"' aqueous KNO3 solution from our 
laboratory is 1561.4 (m-s' ) [63]. Thus, the observed u values are consistent with the 
literature values. 
Using the measured p and u values, the isentropic compressibility [199], the 
change in isentropic compressibility [200], and relative change in isentropic 
compressibility [201] values for the said systems have been calculated using the 
following relations, 
Ks= 1/pu^  (2.3) 
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AKS = Ko - Ks -= A + Bm (2.4) 
Kr= AKS/Ko = A'+ B'm (2.5) 
where A and B are the intercept and slope values of AKS versus m plot while A' and B' 
are the intercept and slope values of (AKJ KQ ) versus m plot, respectively. The 
isentropic compressibility values of L-leucine / L-isoleucine / L-glutamine / L-alanine 
/ glycylglycine in 0.512 molkg"' aqueous K2S04and 0.512 molkg"' aqueous KNO3 
solutions as functions of molal concentration of amino acid / peptide and temperature 
have been listed in Table 2.4. The plots of KS values versus molal concentration of 
amino acids / peptide at different temperatures are shown in Figs. 2.11-2.20. The KS 
values of 0.512 molkg"' aqueous K2SO4 and 0.512 molkg"' aqueous KNO3 solutions 
decrease with an increase in molal concentrations of amino acid / peptide in the 
solutions. This decreasing trend of KS values may be attributed to a corresponding 
increase in cohesive forces in (L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine + aqueous salt) solutions at all temperatures of study. The KJ values of 
amino acid / peptide in 0.512 m o l k g ' aqueous K2SO4 solution are less than those of 
amino acid / peptide in 0.512 molkg"' aqueous KNO3 solutions at all temperatures of 
study. This trend may be ascribed to stronger zwitterion - 864^" interactions than 
those of zwitterion - NO3" interactions due to stronger polar nature of SO4"' in 
comparison with NO3' ions. Moreover, each K2SO4 molecule furnishes two K^ ions, 
whereas each KNO3 molecule provides one K^ ion in solution. Thus, the presence of 
twice number of K^ ions in 0.512 molkg"' aqueous K2SO4 solution leads to a higher 
magnitude of cohesive forces in solution. The decrease in isentropic compressibility 
values with an increase in temperature may be ascribed to changes occurring in the 
structure / aggregates of water clusters around zwitterions and ions (K , SO4'" and 
NO3") in solutions [192,200,202,203]. The thermal rupture of water clusters with an 
increase in temperature may cause the formation of smaller clusters of water 
molecules, which in turn may form the compact clusters at higher temperatures [204]. 
Water is regarded as an equilibrium mixture of two structures such as an ice like 
structure and a close packed structure [201,203]. Compressibility of liquid water is 
given by, KS = K^ + Krdax / (1 + oi\^), where K^ is an instantaneous part of 
compressibility and Kreiax, a relaxational part of compressibility [203]. The relaxational 
time T, corresponding to ATreiax is of the order of 10~"s. The relation WT < 1 is assumed 
to be valid in the present study, where co is the angular frequency. Thus, the isentropic 
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TABLE 2.4 Isentropic compressibilities (KS xlO", m"-N'') as functions of molal 
concentration of amino acid / peptide and temperature 
m/ T/K 
molkg ' 298.15 303.15 308.15 313.15 318.15 323.15 













































































































































































































































































































(vii) L-alanine in 0.512 mol-kg' aqueous K2SO4 solution 
0.0000 38.45 38.12 37.77 37.59 37.32 37.18 
0.1901 37.69 37.42 37.06 36.89 36.69 36.38 
0.3847 36.89 36.59 36.35 36.14 35.89 35.62 
0.5849 36.34 36.05 35.85 35.59 35.30 35.02 
















(viii) L-alajnine in 0.512 molkg"' aqueous KNO3 solution 
0.0000 42.22 41.80 
0.1971 41.32 40.94 
0.4tl38 40.51 40.14 
0.;S157 39.70 39.33 
^.8362 38.91 38.56 
1.0658 38.26 37.90 
1.3028 37.48 37.14 




































































































































Fig. 2.11 Isentropic conqjressibilities versus molal concentration of L-leucine in 
0.512molkg' aqueousK2SO4solution. 
44.8 
-I 1 I 
0.00 0.02 0.04 0.06 0.08 0.10 0,12 
m, mol.kg" 
Fig. 2.12 Isentropic compressibilities versus molal concentration of L-leucine in 
0.512 molkg" aqueous KNO3 solution. 








0.08 0.10 0.12 
Fig. 2.14 Isentropic compressibilities versus molal concentration of L-isoleucine in 
0.512 mol-kg"' aqueous KNO3 solution. 
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Fig. 2.15 Isentropic compressibilities versus molal concentration of L-glutamine in 





!Z 4 1 , 3 -
"e 









^^^"~~--^ ^^"~~~~~~«^ * 
^"~~~*-~~~^ ^^^~~~~~-~-« "* 







• " ' • 1 ' 
0.00 0.05 0.10 0.15 
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Fig. 2.16 Isentropic compressibilities versus molal concentration of L-glutamine in 




Fig. 2.17 Iscntropjc compressibilities versus molal concentration of L-alanine in 
0.512 molkg' aqueousK2SO4solution. 
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Fig. 2.18 Isentropic compressibilities versus molal concentration of L-alanine in 
0.512 niolkg" aqueous KNO3 solution. 
79 











\ v ^ » ~ \ ^ 













• $ ^ $ ^ ^ ^ 
- • 1 •—' 
0.0 0.2 0.4 0.6 0.8 1.0 
m,mol.kg-' 
1.2 
Fig. 2.19 Isentropic compressibilities versus molal concentration of glycylglycine in 
0.512 raol-kg'' aqueous K2SO4 solution. 
Fig. 2.20 Isentropic compressibilities versus molal concentration of glycylglycine in 
0.512 mol-kg"' aqueous KNO3 solution. 
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compressibility obtained is equal to (K^ + iCrciax)- With the rise in temperature, K, 
increases due to thermal expansion while Krdax decreases due to thermal rupture of the 
ice-like structure. Thus, the decrease in isentropic compressibility values with an 
increase in temperature may be attributed to the corresponding decrease in Kreiax, 
which is dominant over the corresponding increase in K^ C. 
The calculated values of AKS and (AKJ/ KO) listed in Tables 2.5 and 2.6 , exhibit 
an increasing trends of variation with an increase in concentration of amino acids / 
peptide in all the studied systems at a given temperature. The plots of AKS and (AKS/ 
Ko) values versus molal concentration of amino acids / peptide at different 
temperatures are shown in Figs. 2.21-2.30 and 2.31-2.40. However, trends of variation 
of AKS and (AKJ/ KQ) are irregular with an increase in temperatures. Such an increase in 
AKS and (AKS / KQ) values with an increase in amino acid / zwitterion concentration 
may be attributed to overall increase in cohesive forces in solutions. In addition, the 
successive increase of AKS and (AKS/KQ) may also be attributed to enhanced 
interactions in solution. Further, the variation with an increase in temperature may be 
due to thermal rupture of water structure aggregate which brings structural entities 
close to each other. 
The apparent molar isentropic compressibilities have been calculated using the 
equation [205,206], 
0K= [ (KS-KO) /mpo] + Ks0v (2.6) 
where m is the molality of the solution; po is the density of the solvent (kgm' ); and 
Ks(= 1/pu )^ and Ko (= 1/poUo^ ) are the isentropic compressibilities of the solution and 
solvent (m^N"'), respectively. The computed values of ^^ of the amino acid / peptide 
in 0.512 molkg"' aqueous K2SO4 and 0.512 mol.kg"' aqueous KNO3 solution as 
functions of solute concentration and temperature: (298.15, 303.15, 308.15, 313.15, 
318.15 and 323.15) K have been listed in Table 2.7. The plots of (p^ versus solute 
concentration have been represented in Figs 2.41-2.50. The values of 0K have been 
fitted by least - squares method to the equation 
0K = 0K"+S,m (2.7) 
where 4>K^ is the apparent molar isentropic compressibility at infinite dilution, which 
is also referred to as the partial molar isentropic compressibility, and is a measure of 
solute-solvent interactions and slope, S^ that of solute-solute interaction in the 
solution. The 0K , SK and standard deviation a^ values, of linear regression have been 
;i 
TABLE 2.5 Change in isentropic compressibilities (AKS xlO , m"- N" ) as finictions of 
molal concentration of amino acid / peptide and temperature 
_ _ _ _ 
molkg ' 298.15 303.15 308.15 313.15 318.15 323.15 

































































































































(iv) L-isoleucine in 0.512 molkg' aqueous KNO3 solution 
0.0194 0.09 0.20 0.13 0.14 0.13 0.12 
0.0397 0.21 0.36 0.27 0.25 0.27 0.24 
























































































































































(viii) L-alanine in 0.512 mol-kg"' aqueous KNO3 solution 
0.1971 0.90 0.86 0.80 0.81 0.84 0.92 
0.4038 1.71 1.66 1.59 1.58 1.58 1.68 
0.6157 2.52 2.47 2.37 2.33 2.31 2.37 
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Fig. 2.21 Change in isentropic compressibilities versus molal concentration of 
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Fig. 2.22 Change in isentropic compressibilities of versus molal concentration of 
L-leucine in 0.512 molkg" aqueous KNO3 solution. 
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Fig. 2.23 Change in isentropic compressibilities versus molal concentration of 
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Fig. 2.24 Change in isentropic compressibilities versus molal concentration of 
L- isoleucine in 0.512 mol-kg"' aqueous KNO3 solution. 
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Fig. 2.25 Change in isentropic compressibilities versus molal concentration of 
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Fig. 2.26 Change in isentropic compressibilities of versus molal concentration of 
L-glutamine in0.512 molkg"' aqueousKNO3 solution. 
87 
m, mol.kg' 
Fig. 2.27 Change in isentropic compressibilities versus molal concentration of 
L-alanine in 0.512 molkg' aqueous K2SO4 solution. 
m, mol.kg' 
Fig. 2.28 Change in isentropic compressibilities versus molal concentration of 
L-alanine in 0.512 molkg' aqueous KNO3 solution. 
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m, mol.kg' 
Fig 2.29 Change in isentropic compressibilities versus molal concentration of 
glycylglycine in 0.512 mol-kg"' aqueous K2SO4 solution. 
m, mol.kg' 
Fig 2.30 Change in isentropic compressibilities versus molal concentration of 
glycylglycine in 0.512 molkg' aqueous KNO3 solution. 
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TABLE 2.6 Relative change in isentropic compressibilities (AKS/ICQ xlO')as functions 
of molal concentration of amino acid / peptide and temperature 
_ ___ 
mol-kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
(i) L-leucine in 0.512 mol-kg'' aqueous K2SO4 solution 
(ii) L-leucine in 0.512 mol-kg'' aqueous KNO3 solution 































































































































(iv) L-isoleucine in 0.512 mol-kg"' aqueous KNO3 solution 
0.0194 0.23 0.48 0.32 0.33 0.0.32 0.31 
0.0397 0.49 0.85 0.65 0.62 0.65 0.60 
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Fig 2.31 Relative change in isentropic compressibilities versus molal concentration of 
L-leucinc in0.512 molkg"' aqueousK2SO4 solution. 
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Fig 2.32 Relative change in isentropic compressibilities versus molal concentration of 
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Fig 2.33 Relative change in isentropic compressibilities versus molal concentration of 
L-isoleucine in 0.512 mol-kg"' aqueous K2SO4 solution. 
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Fig 2.34 Relative change in isentropic compressibilities versus molal concentration of 
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Fig 2.35 Relative change in isentropic compressibilities versus molal concentration of 





Fig 2.36 Relative change in isentropic compressibiUties versus molal concentration of 
L-glutaminc in0.512 molkg"' aqueousKNO3 solution. 
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m, mol.kg' 
F!g 2.37 Relative change in isentropic compressibilities versus molal concentration of 
L-alanine in0.512 molkg'' aqueousK2SO4solution. 
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Fig 2.38 Relative change in isentropic compressibilities versus molal concentration of 
L-alanine in 0.512 molkg"' aqueous KNO3 solution. 
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Fig 2.39 Relative change in iscntropic compressibilities versus molal concentration of 







Fig 2.40 Relative change in isentropic compressibilities versus molal concentration of 
glycylglycine in0.512 molkg"' aqueousKNO3 solution. 
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TABLE 2.7 Apparent molar isentropic compressibilities (0K ^ lO", bar"'m'-mor') as 
functions of molal concentration of amino acid / peptide and temperature 
_ _ _ _ 
mol-kg"' 298.15 303.15 308.15 313.15 318.15 323.15 



































































































































































































































































(vii) L-alanine in 0.512 mol-kg'' aqueous K2SO4 solution 
0.1901 -2.232 -2.134 -2.024 -1.918 -1.828 -1.718 
0.3847 -1.995 -1.873 -1.779 -1.648 -1.534 -1.403 
0.5849 -1.795 -1.669 -1.542 -1.403 -1.301 -1.179 
0.7905 -1.718 -1.579 -1.426 -1.297 -1.167 -1.028 
1.0017 -1.567 -1.473 -1.305 -1.167 -1.077 -0.938 
1.2185 -1.481 -1.363 -1.246 -1.124 -1.034 -0.931 
(viii) L-alanine in 0.512 molkg' aqueous KNO3 solution 
0.1971 -1.780 -1.735 -1.634 -1.560 -1.450 -1.377 
0.4038 -1.644 -1.546 -1.453 -1.395 -1.343 -1.295 
0.6157 -1.552 -1.507 -1.368 -1.318 -1.273 -1.215 










































































































Fig 2.41 Apparent molar isentropic compressibilities versus molal concentration of 
L-leucine in 0.512 mol-kg"' aqueous K2SO4 solution. 
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Fig 2.42 Apparent molar isentropic compressibilities versus molal concentration of 
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F!g 2.43 Apparent molar isentropic compressibilities versus molal concentration of 
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Fig 2.44 Apparent molar isentropic compressibilities versus molal concentration of 
L-isolcucinc in 0.512 molkg' aqueous KNO3 solution. 




Fig 2.45 Apparent molar isentropic compressibilities versus molal concentration of 
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Fig 2.46 Apparent molar isentropic compressibilities versus molal concentration of 
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Fig 2.47 Apparent molar isentropic compressibilities versus molar concentration of 
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Fig 2.48 Apparent molar isentropic compressibilities versus molar concentration of 
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Fig 2.49 Apparent molar isentropic compressibilities versus molar concentration of 
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Fig 2.50 Apparent molar isentropic compressibilities versus molar concentration of 
glycylglycine in 0.512 molkg' aqueous KNO3 solution. 
105 
listed in the Table 2.8. The comparison between observed and literature values of e^  (I 
0 have been given in Table 2.9. The 0K values of L-leucine / L-isoleucine / L-glutamine 
/ L-alanine / glycylglycine in 0.512 mol-kg"' aqueous K2SO4 / KNO3 solution are 
negative except for L-leucine at 298.15 K in both the solvents. The positive 0K° values 
of L-leucine in 0.512 mol-kg'' aqueous K2SO4 and 0.512 molkg"' aqueous KNO3 
solution are,negative except for L-leucine at 298.15 K. The positive (pj' values of L-
leucine in 0.512 molkg'' aqueous K2SO4 and 0.512 molkg' ' aqueous KNO3 solutions 
are 1.99 and 1.28 (10"" (bar'm^-mol"')), respectively. The positive values of cpj^ 
indicate that the water molecules around the L-leucine are more compressible than the 
water molecules in the bulk solution. The negative 0K° (loss of compressibility of the 
medium) values of L-leucine, L-isoleucine, L-glutamine, L-alanine and glycylglycine 
systems at all temperatures of study indicate that the water molecules surrounding the 
solute molecules present a greater resistance to compression than the bulk. This 
observation supports the conclusion that the interactions of ions (K" / SO4- / NO3") 
with amino acid / peptide zwitterions charges localized at the head groups (COO' / 
NH3") decrease the electrostriction of water molecules caused by the charged centers 
of amino acids / peptide resulting in an increase in volume, thereby, increasing the 
compressibility of the solution. The electrostricted water molecules are also released 
into the bulk, making the medium more compressible with increase in temperature. 
The larger partial molar isentropic compressibilities of (L-leucine, L-isoleucine, L-
glutamine, L-alanine and glycylglycine) in 0.512 m o l k g ' aqueous K2SO4 solution 
than those in 0.512 mol.kg" aqueous KNO3 solution are due to higher charge density 
on SO4"' ion than that on NO3' ion in solutions. The SK exhibit both negative and 
positive values thus indicating the presence of ion-solute and solute-solute 
interactions in all the systems studied. 
The partial molar isentropic compressibility of the amino acid / peptide can be 
expressed by a following model [192], 
0K'' = 0K''(int) +0K''(elect) (2.8) 
where 0K (int) is the intrinsic partial molar isentropic compressibility of the amino 
acid / peptide molecule and 0K'' ("electa is the electrostriction partial molar isentropic 
compressibility due to hydration of the amino acid / peptide molecule. The 0K'' fmtj 
for the amino acids / peptide can be assumed to be almost zero as the value of 0K'* 
(int) is expected to be very small [12]. Thus, 0K'* may be considered to represent 0K'' 
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TABLE 2.8 0K*'. SK and o^ values at different temperature 
0K"X1O" S K X I O " OK-X10' 
T / K (bar"'• m"^ - mol"') (bar"'-m-^-mol"- • mol"--kg) (bar"'-m^- mol"') 
(i) L-leucine in 0.512 mol-kg'* aqueous K2SO4 solution 
298.15 1.992 -31.119 0.9 
303.15 -1.907 3.730 0.5 
308.15 -1.303 -0.550 0.3 
313.15 -1.181 2.849 0.1 
318.15 -1.053 3.169 0.1 
323.15 -0.932 4.215 0.9 
(ii) L-leucine in 0.512 mol-kg~'aqueous KNO3 solution 
298.15 1.280 -23.401 0.4 
303.15 -1.460 -3.571 0.1 
308.15 -1.184 -3.830 0.1 
313.15 -0.969 -1.929 0.7 
318.15 -0.870 0.850 0.7 
323.15 -0.749 4.070 0.2 
(iii) L-isoleucine in 0.512 mol-kg'* aqueous K2SO4 solution 
298.15 -0.242 -10.987 0.3 
303.15 -0.761 -3.467 0.7 
308.15 -2.232 5.860 0.1 
313.15 -1.800 5.221 0.2 
318.15 -1.701 5.460 0.8 
323.15 -1.551 3.930 0.3 


















318.15 -1.860 9.53! 0.7 
323.15 -1.472 7.910 0.2 
(v) L-glutamine in 0.512 mol'kg'aqueous K2SO4 solution 
298.15 -2.855 4.099 0.2 
303.15 -2.682 3.550 0.2 
308.15 -2.617 4.118 0.2 
313.15 -2.374 3.738 0.2 
318.15 -2.255 3.631 0.2 
323.15 -1.973 2.711 0.1 
(vi) L-glutamine in 0.512 mol-kg'aqueousKNO3 solution 
298.15 -2.768 2.529 0.4 
303.15 -2.642 2.628 0.3 
308.15 -2.474 2.514 0.4 
313.15 -2.294 2.314 0.5 
318.15 -2.179 2.541 0.3 
323.15 -1.940 2.114 0.4 
(vii) L-aianine in 0.512 mol>kg''aqueous K2SO4 solution 
298.15 -2.294 0.478 0.2 
303.15 -1.943 0.457 0.9 
308.15 -1.794 0.437 0.3 
313.15 -1.727 0.504 0.2 
318.15 -1.580 0.454 0.1 
323.15 -1.544 0.484 0.6 
(viii) L-alanine in 0.512 mol-kg''aqueous KNO3 solution 
298.15 -1.824 0.433 0.1 
303.15 -1.726 0.391 0.2 
308.15 -1.607 0.379 0.1 
313.15 -1.552 0.381 0.7 
318.15 -1.502 0.389 0.1 
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523.15 -1.466 0.426 0.1 

























(x) glycylglycine in 0.512 moM^''aqueous KNO3 solution 
298.15 -1.999 0.160 0.2 
303.15 -1.942 0.159 0.1 
308.15 -1.840 0.101 0.2 
313.15 -1.789 0.086 0.2 
318.15 -1.775 0.104 0.3 
323.15 -1.747 0.116 0.2 
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TABLE 2.9 Observed and literature partial molar isentropic compressibilities at 298.15 
K 
T / K Amino acid This work Literature values 









L-leucine Aqueous -2.334 






k g ' K2SO4 
0.512 mol-
k g ' KNO3 
glycylglycine Aqueous 
0.512 mol-
k g ' K2SO4 
0.512 mol-


























































('elect;. The reported 0K" values for all the amino acids / peptide in water are 
negative. The negative values of 0K" seem to result from the hydration of the charged 
centers of the amino acids / peptide, as the hydrated water appear to be less 
compressible than bulk water. 
The partial molar isentropic compressibilities of transfer, Atr0K of L-leucine / L-
isoleucine / L-glutamine / L-alanine / glycylglycine from water to 0.512 molkg" 
aqueous K2SO4 or 0.512 molkg"' aqueous KNO3 solution at a temperature have been 
calculated using the following equation, 
Atr0K'' = 0^0 .512 molkg"' aqueous K2SO4/ 0.512 molkg"' aqueous KNO3 solution) 
— 0K''(water) (2.9) 
The computed Atr0K'' values of L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine in 0.512 molkg"' aqueous K2SO4/ KNO3 solutions have been listed in 
the Table 2.10. The positive values of Atr0K" may be attributed to the electrostatic 
interactions occurring between K^ and COO" ; and between S04^' / NO3" and NH3" 
ions. Due to these interactions, the electrostriction of neighbouring water molecules 
around the charged centres of L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine will be reduced in the presence of K2SO4 and KNO3. Therefore, the 
electrostricted water molecules go out of the hydration spheres of these ions (COO" / 
NH3") and enter into the bulk which is more compressible, thereby making a positive 
contribution to Atr0K- • The Atr^ K" increase in order of, L-leucine > L-isoleucine > L-
glutamine > glycylglycine > L-alanine in 0.512 molkg"' aqueous K2SO4 / KNO3 
solutions at temperatures (298.15-323.15) K. The trend observed in Atr0K" values of 
amino acids / peptide in aqueous K2SO4/ KNO3 solution may be due to their hydration 
behaviour, which comprises of following interactions occur in these systems: 
(i) ion-ion interactions between (K^ / S04^' / NO3") and (COO" / NH3^) groups, 
(ii) ion-hydrophobic group interactions between the (K^ / S04^" / NO3") and (-CH3-
CH2-CH-CH3-, -CHCH2(CH3)2- / CH3) groups, 
(iii) ion- hydrophilic group interactions between (K^ / S04^" / NO3") and (-CONH2 / 
-CONH) groups. 
The domination of ion-hydrophobic group and ion-ion interactions of L-leucine leads 
to its largest Atr(f)J^ values than those of ions (K^ / SO4'' / NO3") - hydrophobic groups 
(-CH3-CH2-CH3-CH) interactions of L-isoleucine. Liu et al. [183] reported the similar 
I l l 
TABLE 2.10 Transfer partial molar isentropic compressibilities, (A„0K''^1O''. m'mor ' ) , 
of amino acid / peptide from water to 0.512 mol-kg' aqueous K2SO4 / 0.512 mol-kg"' 
aqueous KNO3 solutions at different temperatures 
T/K=298.15 T/K=303.15 T/K=308.15 T/K=313.15 f/K=318.15 T'K=323.15 
(i)L-leucine in 0.512 mol-kg'aqueous K2SO4 solution 
4.33 4.91 5.94 6.41 7.26 8.18 
(ii) L-leucine in 0.512 mol-kg'aqueous KNO3 solution 
3.61 2.33 3.70 4.59 5.00 6.43 
(iii) L-isoleucine in 0.512 mol-kg''aqueous K2SO4 solution 
2.71 5.97 6.78 7.66 8.93 10.05 
(iv) L-isoleucine in 0.512 mol-l^'aqueous KNO3 solution 
2.64 3.90 6.66 7.34 8.85 10.12 
(v) L-glutamine in0.512 mol-kg'aqueous K2SO4solution 
1.14 1.20 1.24 1.27 1.30 1.35 
(vi) L-glutamine in 0.512 mol-kg''aqueous KNO3 solution 
1.11 1.13 1.15 1.18 1.20 1.24 
(vii) L-alanine in 0.512 mol-kg'aqueous K2SO4 solution 
0.25 0.32 0.39 0.43 0.46 0.50 
(viii) L-alanine in 0.512 mol.kg"' aqueous KNO3 solution 
0.22 0.29 0.33 0.36 0.40 0.44 
(ix) glycylglycine in 0.512 mol-kg''aqueous K2SO4 solution 
1.12 1.14 1.16 1.19 1.21 1.23 
(x) glycylglycine in 0.512 mol-kg''aqueous KNO3 solution 
1.09 1.11 1.13 1.15 1.17 1.19 
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trends of hydrophobic interactions of L-leucine and L-isoleucine in aqueous 
ammonium sulphate solution through chromatographic studies. The ions-ions and 
ions-hydrophobic groups interactions of L-isoleucine dominate over the ions-ions, 
ions-hydrophillic groups interaction of L-glutamine. The Atr0K of L-glutamine can be 
attributed to the domination of ions ( K V S 0 4 ^ 7 N03")-ions ( -C00 ' / NH3*) interactions 
and ions-hydrophilic groups interactions between ions (K^ / S04^" / Np3") and 
hydrophilic group (-CONH2) of L-glutamine over the ions-ions and ions-hydrophilic 
groups interactions between ions (K^ / S04^" / NO3") and hydrophilic group (-CONH) 
of glycylglycine. The ions-hydrophillic groups interactions are absent in L-alanine -
aqueous K2SO4 / KNO3 system. The ions-ions and ions-hydrophilic groups 
interactions dominate over ions-hydrophobic group interactions in (L-glutamine-
aqueous salt) and (glycylglycine-aqueous salt) systems. The smallest Atr^ K*' in case of 
L-alanine is due to absence of ion-hydrophillic groups interactions in solutions. 
The specific acoustic impedance is the product of density and speed of 
sound of solvent / solution and can be expressed as, 
Z = pu (2.10) 
The calculated values of Z of L-leucine / L-isoleucine / L-glutamine / L-alanine ,' 
glycylglycine in 0.512 molkg ' aqueous K2SO4 / KNO3 solution are given in Table 
2.11. The Z values have been found to increase with an increase in molal 
concentration of amino acid / peptide in solutions as well as with increase in 
temperature. Such trends of variation of Z may be ascribed to an overall reduction in 
repulsive forces with an increase in amino acid / peptide concentration and 
temperature. The plots of Z values versus molal concentration of solute show a linear 
behaviour in almost all the systems under investigations Figs. 2.51-2.60. Roy et al. 
[207] reported the specific acoustic impedance of ammonium acetate, potassium 
acetate, sodium acetate and lithium acetate in 10% mass mixtures of tetrahydrofiiran 
and methanol at 303.15 K are 881.58, 835.20, 874.54 and 830.29, respectively. 
The values of density and speed of sound have enabled to estimate the 
magnitude of relative association, RA using the following expression [208], 
RA = p/po (uo / u) "^  (2.11) 
where p and po are the densities of the solution and solvent, respectively, while u and 
uo are the corresponding speeds of sound. The values of relative association, thus 
obtained as functions of amino acid / peptide concentration and temperature are 
listed in Table 2.12. The plots of RA values versus molal concentration have been 
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TABLE 2.11 Specific acoustic impedance values, (Z xlO', kg. m' . s" ) as fiinctions of 
amino acid / peptide molal concentration and temperature 
m/ T/K 
mol-kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
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Fig 2.51 Specific acoustic impedances versus molal concentration of 
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Fig 2.52 Specific acoustic impedances versus molal concentration of 
L-leucine in 0.512 mol-kg"' aqueous KNO3 sohxtion. 
1720 
0.00 0.02 0.04 0.06 0.08 
m, mol.kg" 
0.10 0.12 
Fig 2.53 Specific acoustic impedances versus molal concentratioo of 
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Fig 2.54 Specific acoustic impedances versus molal concentration of 
L-isoleucine in 0.512 moikg"' aqueous KNO3 solution. 
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Fig 2.55 Specific acoustic impedances versus molal concentration of 
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Fig 2.56 Specific acoustic impedances versus molal concentration of 







































Fig 2.57 Specific acoustic impedances versus molal concentration of 
L-alanine in0.512 molkg"' aqueousK2SO4 solution. 
m, mol.kg' 
Fig 2.58 Specific acoustic impedances versus molal concentration of 
L-alanine in0.512 molkg"' aqueousKNO3 solution. 
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m, mol.kg' 
Fig 2.59 Specific acoustic impedances versus molal concentration of 
glycylglycine in 0.512 molkg' aqueous K2SO4 solution. 
m, mol.kg' 
Fig 2.60 Specific acoustic impedances versus molal concentration of 
glycylglycine in 0.512 molkg"' aqueous KNO3 solution. 
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TABLE 2.12 Relative associations (RA) as ftinctions of molal concentration of amino 
acid / peptide and temperature 
_ _ _ 
molkg ' 298.15 303.15 308.15 313.15 318.15 323.15 











































(ii) L-Ieucine in 0.512 mol-kg'' aqueous KNO3 solution 










































































































































































(vi) L-glutamine in 0.512 mol-kg'' aqueous KNO3 solution 
0.0481 1.0017 1.0018 1.0019 1.0019 1.0019 1.0020 
0.0987 1.0035 1.0036 1.0037 1.0038 1.0039 1.0039 
0.1499 1.0053 1.0054 1.0055 1.0057 1.0057 1.0057 
0.2002 1.0069 1.0070 1.0073 1.0075 1.0075 1.0074 
0.2521 1.0086 1.0088 1.0092 1.0093 1.0092 1.0093 
0.3048 1.0103 1.0105 1.0109 1.0112 1.0111 1.0110 











































(viii) L-alanine in 0.512 moll^"' aqueous KNO3 solution 
0.1971 1.0024 1.0025 1.0027 1.0026 1.0025 1.0021 
0.4038 1.0051 1.0053 1.0054 1.0055 1.0054 1.0049 
0.6157 1.0078 1.0079 1.0082 1.0082 1.0082 1.0079 







































































































represented in Figs. 2.61-2.70. The RA values show an increasing trend of variation 
with an increase in molal concentration of amino acids / peptide in aqueous 
electrolyte solutions. A close examination of the data reveals that the RA values are 
either one or close to one. This indicates that the systems under investigation possess 
weak interactions. However, the variation in RA values with an increase in 
temperature is insignificant over the temperature range of 298.15-323.15 K. 
Consequently, the variation in temperature over the said range does not seem to affect 
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Fig 2.61 Relative associations versus molal concentration of L-leucine 






















Fig 2.62 Relative associations versus molal concentration of L-leucine 








Fig 2.63 Relative associations versus molal concentration of L-isoleucine 
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Fig 2.64 Relative associations versus molal concentration of L-iso leucine 
in0.512 molkg' aqueousKNO3 solution. 
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Fig 2.65 Relative associations versus molal concentration of L-glutamine 
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Fig 2.66 Relative associations versus molal concentration of L-glutamine 
in 0.512 mol-kg"' aqueous KNO3 solution. 
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2 
Fig 2.67 Relative associations versus molal concentration of L-alanine 
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Fig 2.68 Relative associations versus molal concentration of L-alanine 
in 0.512 mol-kg"' aqueous KNO3 solution. 
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m, mol.kg' 
Fig 2.69 Relative associations versus molal concentration of glycylglycine 
in 0.512 mol-kg"' aqueous K2SO4 solution. 
^ 
m, mol.kg 
Fig 2.70 Relative associations versus molal concentration of glycylglycine 
in 0.512 mol-kg' aqueous KNO3 solution. 
CHAPTER- III 
Viscometric Studies of L-leucine / L-glutamine / 
L-alanine/Glycylglycine in 0.512 mobkg'^ 
Aqueous K2SO4/KNO3 Systems 
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INTRODUCTION 
Viscosity and its derived parameters provide the valuable information 
regarding the shape and size of the molecules and interactions in solutions [209-211]. 
It has been proven to be sensitive and accurate method in solution studies [104]. The 
structural changes influence the viscosity of solutions extent as compared to density 
and compressibility. Structure making and breaking effects of a solute molecule can 
be determined by various parameters such as relative viscosity, specific viscosity 
and intrinsic viscosity which also provide an important information about size 
and state of solvation of molecules in the solution[108].The viscosities of amino 
acids / peptides-aqueous / mixed aqueous solutions depends on the relative magnitude 
of electrostriction caused by the polar end groups, structure-enforcing influence of the 
hydrophobic groups, and the extent of interactions with hydrophilic groups. 
Banipal et al. reported the viscosities of L-alanine and L-leucine in 0.5 molL"' 
aqueous CdCb solution at different temperatures [101]. Viscosities of glycylglycine 
have been reported by Badarayani et al. [21] in 0.5 molL"' aqueous KCl, 0.5 molL"' 
aqueous KBr and 0.5 molL"' aqueous Na2S04 solutions at 298.15 K and by Santosh 
et al. in 0.05 molL"' aqueous MnCk solution at different temperatures [68]. Rehmat 
et al. reported viscosities of L-alanine in 0.5 molL"' aqueous (KH2Cit) and 0.5 molL" 
' aqueous (KsCit) solutions at different temperatures [102]. Wadi et al. [103] reported 
viscosity of alanine in 5 mol-L"' aqueous KSCN solution at different temperatures. 
Yan et al. [104] reported viscosities of L-alanine and L-leucine in aqueous solution at 
different temperatures. Viscosities of L-phenylalanine, L-proline, L-glutamic acid and 
L-leucine in 2.0 molL' ' aqueous NaCl and 2.0 molL'' aqueous NaNOs solutions 
[105]; of L-histidine, L-glutamic acid, L-tryptophan, and glycylglycine in 2.0 molL"' 
aqueous KCl and 2.0 mol-L"' aqueous KNO3 solutions [106] and of L-leucine, L-
alanine, L-valine and L-proline in 2 molL"' aqueous KNO3 / KCl solutions [107], 
have been measured for several molal concentrations of amino acids / peptides at 
different temperatures of (303.15, 308.15, 313.15, 318.15, and 323.15) K earlier in 
our laboratory. 
The viscosity data may also be analyzed in the light of Jones-Dole equation [99] in 
order to obtain the viscosity coefficients A and B, which proven to be 
usefijl coefficients in estimating the interactions operative in the solutions. The 
Jones-Dole viscosity B-coefficient measures the structural effect induced by solute-
131 
solvent interactions in solutions [212]. Strongly hydrated solutes are known as 
kosmotropes ('structure-makers'), while weakly hydrated ones are chaotropes 
('structure-breakers') [213-216]. The solute effects on solvent structure are 
temperature dependent. The sign of dB/dT appears to be a more straightforward 
indicator of structure-breaking or structure-making ability than the sign or size of 
the B- coefficient. A positive dB/dT indicates a structure-breaking ion or molecule 
and a negative sign, a structure making one. The viscosity B-coefficients of various 
ions (mostly inorganic) in water and non-aqueous solutions at different temperature 
have been systematically reviewed by Jenkins and Marcus [217]. A number of 
researchers have determined the viscosity B-coefficients of amino acid and peptide 
molecules in aqueous medium [185,196,218-220], aqueous electrolytes [173,221-
223], and organic solvent systems [223-225]. 
This chapter is focused on the viscometric studies of L-leucine, L-glutamine, 
L-alanine, and glycylglycine in 0.512 mol-kg'aqueous K2SO4 / 0.512 molkg"' 
aqueous KNO3 solutions as a fimction of molal concentration of amino acid / peptide 
at temperatures (298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K. The measured 
viscosity data have been used to compute the relative viscosity, specific viscosity, 
viscosity B coefficient, activation free energy, activation enthalpy and activation 
entropy values wiih view to understanding the solute-solvent and solute-solute 
interactions operative in the systems. 
RESULTS AND DISCUSSION 
The measured viscosity values of L-leucine / L-glutamine / L-alanine / 
glycylglycine + 0.512 mo 1kg"'aqueous K2SO4 / 0.512 mol-kg"' aqueous KNO3 
solutions as functions of molal concentration of amino acid / peptide and temperature 
have been listed in Table 3.1. The plots of viscosity values versus solute 
concentration at different temperatures are shown in Figs. 3.11- 3.18. The viscosity 
values have been least-squares fitted to the following polynomial, 
n='no+Tiim + Ti2m^  (3.1) 
where rjo, tji, ri2 ; and m are the fitted coefficients and molal concentration of 
solutions, respectively. The fitted coefficients of the equation (3.1) have been given in 
the Table 3.2. The r| values of L-leucine / L-glutamine / L-alanine / glycylglycine in 
0.512 mol-kg' aqueous K2SO4 / KNO3 solution increase with an increase in molal 
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TABLE 3.1 Viscosities (x] xlO'*, Pa-s) as functions of amino acid / peptide molal 
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(ii) L-Ieucine in 0.512 molkg"* aqueous KNO3 solution 
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Fig 3.11 Viscosities versus molal concentration of L-leucine in 0.512 moikg"' 
aqueous K2SO4 solution. 
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m , mol.kg" 
Fig 3.12 Viscosities versus molal concentration of L-leucine in 0.512 mol-kg' 
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Fig 3.13 Viscosities versus molal concentration of L-glutamine in 0.512 molkg' 
aqueous K2SO4 solution. 
I • I ' 1 • 1 • 1 • r 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 
m , moLkg-
Fig. 3.14 Viscosities versus molal concentration of L-glutamine in 0.512 mol-kg' 
aqueous KNO3 solution. 
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m , mol.kg 
F(g. 3.15 Viscosities versus molal concentration of L-aianine in 0.512 molkg' 
aqueous K2SO4 solution. 
m , mol.kg" 
Fig. 3.16 Viscosities versus molal concentration of L-alanine in 0.512 molkg'' 




Fig. 3.17 Viscosities versus molal concentration of glycylglycine in 0.512 mol-kg'' 
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m , mol.kg 
Fig. 3.18 Viscosities versus molal concentration of glycylglycine in 0.512 mol-kg' 
aqueous KNO3 solution. 
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(iv) L-glutamine in 0.512 mol*kg" aqueous KNO3 solution 
298.15 9.3046 5.7427 -0.8751 
303.15 8.8306 5.7311 -1.3312 
308.15 8.3465 5.3480 -0.4631 













































































































(viii) glycylglycine in 0.512 mol-kg' aqueous KNO3 solution 
298.15 9.2988 1.7932 0.0053 1.4 
303.15 8.8201 1.7176 0.0445 1.9 
308.15 8.3419 1.8051 -0.0314 3.3 
313.15 7.8478 1.7178 -0.0023 3.2 
318.15 7.3217 1.7135 -0.0244 3.3 
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323.15 6.8613 .6721 -0.0355 2.5 
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concentration of solutions in all the systems under investigation. The observed r\ value 
of 0.0195m leucine in 0.512 molkg ' aqueous KNO3 solution is 9.9027 (10^ Pas) 
whereas the reported x] value of 0.0198m L-leucine in 0.5 M aqueous sodium acetate 
solution is 10.54 (10"* Pas) [226]. The observed \\ value of 0.0568m L- leucine in 
0.512 molkg"' aqueous K2SO4 solution is 12.6361(10^ Pa.s) whereas the reported r\ 
value of 0.05038m L-leucine in 0.5 M aqueous sodium caproate solution at 298.15 K 
is 12.41 (10"* Pas) [220]. The observed ri value of 0.0188m L-leucine in 0.512 
molkg"' aqueous K2SO4 solution is 11.9441 (10"^ Pa-s) at 298.15 K whereas the x\ 
value of 0.0184m L-leucine in 0.5 M aqueous sodium butyrate solution is 11.46 (10"* 
Pa-s) [219]. The observed x] value of 0.7905m L-alanine in 0.512 molkg"' aqueous 
K2SO4 solution is 12.5146 (lO^Pa-s) and the reported r| value of 0.7929m L-alanine in 
0.5 M aqueous KsCit solution is 15.91(10^ Pa-s) [102] at 298.15 K. The observed x] of 
0.1971m L-alanine in 0.512 molkg"' aqueous KNO3 solution is 9.8809 (10^ Pas) 
whereas the r| value of 0.1978m L-alanine in 0.5 M aqueous sodium butyrate solution 
at 298.15 K is reported as 11.96 (10"^ Pas) [219]. Thus, the observed r| values are 
consistent with the literature values. The viscosity values of studied amino acids / 
peptide in 0.512 molkg'' aqueous K2SO4 solution are larger than those in 0.512 
molkg"' aqueous KNO3 solution at each temperature of study. This trend may be 
ascribed to stronger zwitterion-S04^" interactions than zwitterion-NOj' interactions 
due to stronger polar nature of 864^' in comparison with NOs'. Moreover, each K2SO4 
molecule furnishes two K^ ions whereas each KNO3 molecule provides only one K* 
ion in solutions. Thus, the twice number of K^ ions in 0.5 molL"' aqueous K2SO4 
solution than in 0.5 molL"' aqueous KNO3 solution lead to higher magnitude of 
interactions in solution. The trend of viscosity values of L-leucine / L-glutamine / L-
alanine / glycylglycine in 0.512 molkg"' aqueous K2SO4 solution or 0.512 molkg"' 
aqueous KNO3 solution at a given temperature is found to be as: 
L-leucine > L-glutamine > L-alanine > glycylglycine 
The r| values of amino acid and peptide in 0.512 molkg"' aqueous K2SO4 and 0.512 
molkg" aqueous KNO3 solutions decrease with an increase in temperature. An 
increase in temperature may increase the kinetic energy of molecules, which in turn 
may decrease the ion-ion (K"^  — S04^~, K^—N03~) and zwitterion-ion (-COO"-K^, 
NH3^ - S04^" / NO3") interactions. 
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The relative viscosity [98,227,228] and specific viscosity [220] values have 
been computed by employing the following relations using the viscosity values of 
solvent and solution, 
nr= _n_ (3.2) 
nsp= — — (3-3) 
Mo 
The computed values of relative and specific viscosity have been listed in the Tables 
3.3 and 3.4, respectively. The r|r values increase with an increase in molal 
concentration of amino acids / peptide in 0.512 mol-kg"' aqueous K2SO4 and 0.512 
molkg' ' aqueous KNO3 solutions but these values do not exhibit regular trends of 
variation with an increase in temperature in the systems under investigation (Figs. 
3.31- 3.48). The reported relative viscosity values of 0.03061 m L-leucine in 0.5 M 
aqueous magnesium acetate solution at 298.15 K is 1.0055 [173] whereas the 
observed value of 0.0378 m L- leucine in 0.5 M aqueous K2SO4 solution is 1.091. 
Banipal et al. [229] have reported the relative viscosity of 1.0052 m L-alanine in 0.05 
M aqueous MgCb solution as 1.027 whereas the observed value of 1.0017 m L-
alanine in 0.5 M aqueous K2SO4 solution is 1.092. The increasing trend of r|r values 
with an increase in solute concentration may be ascribed to an increase in the 
zwitterion-ion (-COO" -K^, -NH?^ -S04^V NO3") interactions in solutions. 
The viscosity data have been fitted to the following Jones-Dole [230] equation, 
ilr= 1 +Am"^+Bm (3.4) 
where rir (= rj / rjo) is the relative viscosity of the solution; m is the molal 
concentration of solution; A, the Falkenhagen coefficient, represents the solute-solute 
interactions ; and B coefficient reflects solute-solvent interactions [114,231]. The 
values of A and B-coefficients alongwith the standard deviations of linear regression 
have been listed in the Tables 3.5 and 3.6, respectively. The observed and the 
literature values of B-coefficients of the studied amino acids and peptide have been 
listed in Table 3.7 for the comparison purpose. The B coefficients of the amino acids 
and peptide reflect the net structural effects of the charged end groups (NH3*, C00~), 
hydrophilic groups (-CONH2 , CONH) and the hydrophobic groups (CH2) on the 
solvent. The contribution of CH2 groups in B-coefficient values vary with the number 
of carbon atoms in their alkyl chain at a given temperature. These two effects can be 
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TABLE 3.3 Relative viscosity values (r|r) as functions of amino acid / peptide molal 
concentration and temperature 
_ _ _ _ 
molkg"' 298.15 303.15 308.15 313.15 318.15 323.15 











































(ii) L-leucine in 0.512 mol'kg"* aqueous KNO3 solution 
0.0195 1.064 1.047 1.049 1.067 1.069 1.105 
0.0398 1.119 1.104 1.091 1.122 1.139 1.192 
0.0588 1.167 1.154 1.150 1.169 1.198 1.125 
0.0786 1.218 1.193 1.187 1.211 1.239 1.285 
0.0984 1.265 1.241 1.232 1.246 1.273 1.319 
0.1183 1.303 1.279 1.271 1.285 1.311 1.368 











































(iv) L-glutamine in 0.512 mob kg"' aqueous KNO3 solution 
0.0481 1.028 1.029 1.031 1.030 1.033 1.033 
0.0987 1.059 1.061 1.062 1.064 1.069 1.071 
























































































































































(viii) glycylglycine in 0.512 mol-kg'' aqueous KNO3 solution 
0.1997 1.036 1.034 1.031 1.044 1.044 1.041 
0.4102 1.077 1.079 1.087 1.091 1.094 1.101 
0.6324 1.122 1.125 1.131 1.143 1.152 1.157 

















0.02 0.04 0.06 0.08 
m, mol.kg 
0.10 0.12 
Fig 3.31 Relative viscosities versus molal concentration of L-leucine in 
0.512molkg' aqueousK2SO4solution. 
Fig 3.32 Relative viscosities versus molal concentration of L-leucine in 
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Fig 3.33 Relative viscosities versus moial concentration of L-glutamine in 
0.512mol-kg' aqueousK2SO4solution. 
0.95 
Fig 3.34 Relative viscosities versus molal concentration of L-glutamine in 
0.512 mol-kg"' aqueous KNO3 solution. 
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m , mol.kg' 
Fig 3.35 Relative viscosities versus molal concentration of L-alanine in 
0,512 mo I-kg' aqueous K2SO4 solution. 
m , mol.kg 
Fig 3.36 Relative viscosities versus molal concentration of L-alanine in 
0,512 molkg"' aqueous KNO3 solution. 
150 
m , mol.kg" 
Fig 3.37 Relative viscosities versus molal concentration of glycylglycine in 
0.512mol-kg' aqueousK2SO4solution. 
m , mol.kg" 
Fig 3.38 Relative viscosities versus molal concentration of glycylglycine in 
0.512 molkg"' aqueous KNO3 solution. 
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TABLE 3.4 Specific viscosity values (rispXlO") as fiinctions of amino acid / peptide 
molal concentration and temperature 
_ _ _ 
molkg"' 298.15 303.15 308.15 313.15 318.15 323.15 
(i) L-leucine in 0.512 mol-kg'' aqueous K2SO4 solution 






























































































































(iv) L-glutamine in 0.512 mol-kg"* aqueous KNO3 solution 
0.0481 2.875 2.907 3.079 3.099 3.317 3.334 
0.0987 5.922 6.131 6.157 6.441 6.848 7.135 


































































(vi) L-alanine in 0.512 mol'kg"' aqueous KNO3 solution 



















































































(viii) glycylglycine in 0.512 mol-kg'' aqueous KNO3 solution 
0.1997 3.609 3.384 3.988 4.346 4.358 4.969 
0.4102 7.746 7.855 8.744 9.049 9.393 10.144 
0.6324 12.198 12.511 13.998 14.307 15.219 15.734 


















m , mol.kg' 
0.12 
Fig 3.41 Specific viscosities versus molal concentration of L-leucine in 
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Fig 3.42 Specific viscosities values versus molal concentration of L-leucine in 
0.512 molkg"' aqueous KNO3 solution. 
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Fig 3.43 Specific viscosities versus molal concentration of L-glutamine in 
0.512 mol-kg"' aqueous K2SO4 solution. 
0.05 O.IO 0.15 0.20 
m, mol.kg" 
0.25 0.30 
Fig 3.44 Specific viscosities versus molal concentration of L-glutamine in 


























1 1 1 1 1 
ft^ 
1 ' T ' 1 1 





Fig 3.45 Specific viscosities versus molal concentration of L-alanine in 
0.512 moMcg"' aqueous K2SO4 solution. 
m , mol.kg 
Fig 3.46 Specific viscosities versus molal concentration of L-alanine in 
0,512 mol-kg"' aqueous KNO3 solution. 
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0.4 0.6 0.8 1.0 1.2 
m,mol.kg-' 
Fig 3.47 Specific viscosities versus molal concentration of glycylglycine in 
0.512 mol-kg"' aqueous K2SO4 solution. 
m , mol.kg' 
Fig 3.48 Specific viscosities versus molal concentration of glycylglycine in 
0.512 molkg' aqueous KNO3 solution. 
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TABLE 3.5 Viscosity A-coefficients (molal'' ) values at different temperatures 
T / K 
298.15 303.15 308.15 313.15 318.15 323.15" 
(i) L-leucine in 0.512 mol*kg"' aqueous K2SO4 solution 
0.141 0.172 0.007 0.095 0.007 -0.055 
(ii) L-leucine in 0.512 niol*kg'' aqueous KNO3 solution 
0.338 0.242 0.253 0.409 0.462 0.776 
(iii) L-glutamine in 0.512 mol*kg'* aqueous K2SO4 solution 
0.0251 0.001 -0.017 -0.054 -0.055 -0.092 
(iv) L-glutamine in 0.512 mol-kg'^ aqueous KNO3 solution 
0.005 0.006 0.005 -0.008 -0.013 -0.019 
(v) L-alanine in 0.512 mol*kg'' aqueous K2SO4 solution 
-0.024 0.003 -0.014 -0.006 -0.004 -0.005 
(vi) L-alanine in 0.512 mol-kg'' aqueous KNO3 solution 
0.056 0.045 0.036 0.033 0.037 0.011 
(vii) glycylglycine in 0.512 mol-kg"' aqueous K2SO4 solution 
-0.011 -0.005 0.006 -0.007 0.003 -0.013 
(viii) glycylglycine in 0.512 mol-kg"' aqueous KNO3 solution 
-0.007 -0.018 -0.002 -0.002 -0.003 0.011 
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TABLE 3.6 Viscosity fi-coefficients (dm^'-mol"') and (dB/dT) values at different 
temperatures 
298.15 303.15 
T / K 
308.15 313.15 318.15 323.15 (dB/dT) 
(i) L-leucine in 0.512 mol-kg'* aqueous K2SO4 solution 
2.669 2.502 1.958 1.921 1.858 1.832 -0.035 
(ii) L-leucine in 0.512 mol-kg"' aqueous KNO3 solution 
1.839 1.654 1.505 1.423 1.341 1.265 -0.022 
(iii) L-glutamine in 0.512 mol-kg'' aqueous K2SO4 solution 
0.916 0.834 0.813 0.726 0.671 0.615 -0.012 
(iv) L-glutamine in 0.512 mol-kg"' aqueous KNO3 solution 
0.783 0.742 0.681 0.616 0.597 0.582 -0.009 
(v) L-alanine in 0.512 mol-kg'' aqueous K2SO4 solution 
0.299 0.265 0.243 0.224 0.200 0.182 -0.005 
(vi) L-alanine in 0.512 mol-kg'' aqueous KNO3 solution 
0.265 0.249 0.225 0.190 0.177 0.165 -0.004 
(vii) glycylglycine in 0.512 mol'kg"' aqueous K2SO4 solution 
0.372 0.358 0.339 0.314 0.288 0.230 -0.005 
(viii) glycylglycine in 0.512 mol-kg'' aqueous KNO3 solution 
0.322 0.304 0.286 0.267 0.235 0.200 -0.005 
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TABLE 3.7 Observed and literature values of viscosity B coefficients at 298.15 K 
Solute This work Literature values 





0.512 mol-kg"' 1.839 
KNO3 
0.512 molkg"' 0.916 
K2SO4 
0.512 mol-kg' 0.783 
KNO3 
0.512 mol-kg' 0.299 
K2SO4 
0.512 mol-kg"' 0.265 
KNO3 
0.512 mol-kg"' 0.372 
K2SO4 
0.512 mol-kg"' 0.322 
KNO3 
CdCl2 0.552 [lOi; 
NaNOj 0.371 [105] 
NaCl 0.924 [105] 








CHsCOONa 0.268 [226] 
MgCl2 0.269[229] 
2 M K N 0 3 0.265[106] 
0.05MMnCl2 0.881 [68] 
2MKC1 0.507[218] 
separated by noting the linear relationship [118,232,233] of 5-coefficient with the 
number of carbon atoms, nc, 
B= B (NH3"',C00") + ncB (CH2) (3,5) 
The B-coefficients of L-leucine, L-glutamine, L-alanine and glycylglycine in 0.512 
molkg ' aqueous K2SO4 and 0.512 molkg' ' aqueous KNO3 solutions are positive at 
all temperatures of study. The temperature derivatives of B-coefficient values (dB/dT) 
have been listed in Table 3.6. The positive values of B-coefficients of L-leucine / L-
glutamine / L-alanine / glycylglycine in 0.512 molkg"' aqueous K2SO4 or 0.512 
molkg"' aqueous KNO3 solutions indicate the possibility of a strong alignment of 
zwitterions with ions / water dipoles. The observed higher B-coefficient values of L-
leucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg"' aqueous K2SO4 or 
0.512 molkg"' aqueous KNO3 solutions than those in aqueous medium may be 
attributed to -COO" -K^ and -NHj^ -S04^' / NO3" interactions operative in the 
solutions. The positive B-coefFicients alongwith negative (dB/dT) values of L-leucine 
/ L-glutamine / L-alanine / glycylglycine in 0.512 molkg"' aqueous K2SO4 or 0.512 
molkg"" aqueous KNO3 solutions indicate the structure making nature of solutes in 
the solutions [214-225]. The trends of variations of viscosity B-coefficients of L-
leucine / L-glutamine / L-alanine / glycylglycine in 0.512 molkg"' aqueous K2SO4 or 
0.512 molkg"' aqueous KNO3 solutions is found to be as:. 
L-leucine > L-glutamine > glycylglycine > L-alanine 
The largest B-coefficient of L- leucine can be attributed to the domination of ions (K* 
/ S04^" / NO3") - ions (-COO" / NH3^) interactions and ions-hydrophobic group 
interactions between ions K* / S04^" / NO3" and hydrophobic group (-CH3-CH2-CH-
CH3) of L-leucine over the ions-ions and ions-hydrophilic groups interactions 
between ions K^ / S04^" / NO3" and hydrophilic group (-CONH2) of L-glutamine. The 
ions (K^ / SO4"" / NO3") - ions (-COO" / NH3"^ ) interactions and ions-hydrophilic 
group interactions between ions K^ / S04^" / NO3" and hydrophilic group (-CONH2) of 
L-glutamine over the ions-ions and ions-hydrophilic group interactions between ions 
K^ / SO4"' / NO3" and hydrophilic group -CONH of glycylglycine. The ions-
hydrophilic groups interactions are absent in L-alanine - aqueous K2SO4 / KNO3 
system. The ions-ions interactions and ions - hydrophobic group interactions of (L-
leucine-aqueous salt) dominate over ions-hydrophilic group interactions in (L-
glutamine-aqueous salt) and (glycylglycine-aqueous salt) systems. In case of L-
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alanine, the ions (K^ / 804"" / NO3') - ions {-COO" / NH^^) interactions dominate over 
ions (K^ / SO4"' / NO3') - hydrophobic groups (-CH3 / -CH2) interactions. The B-
coefficients of the studied amino acids and peptide in 0.512 molkg"' aqueous K2SO4 
and 0.512 molkg' aqueous KNO3 solutions decrease with an increase in temperature 
thereby showing that the zwitterions-ions interactions are further weakened with the 
increase in temperature. 
Thermodynamic activation parameters of viscous flow of the L-leucine / L-
glutamine / L-alanine / glycylglycine + 0.512 molkg"' aqueous K2SO4 / KNO3) 
solutions have been evaluated using the Feakins et al. [119] extension of Eyring 
transition-state theory, 
B = (V,% - V2%) / 1000 + (Vi% / 1000) (A^2° - Am° / RT ) (3.6) 
where Vi** j^, and Yi'^ are the standard partial molar volumes of the solvent and solute, 
respectively. Ani** is the contribution per mole of solvent to the free energy of 
activation for viscous flow of the solution, and is given by 
Am" = RTln(TioV,%/hNA) (3.7) 
where h is the Planck constant; NA is the Avogadro's number; rio is the viscosity of 
the solvent; R is the gas constant and A|X2° is the contribution per mole of solute to the 
free energy of activation for viscous flow of the solution. The equation (3.7) can be 
rearranged as follows, 
An2" = Am° + (RT / V,%)[1000B —(V,%— ¥2%)] (3.8) 
where V i ^ = IxiMj/p is the mean volume of the solvent. The terms Xj and Mi denote 
the mole fractions and molecular weights of water and K2SO4 / KNO3 molecules. The 
calculated values of A|ii , Afi2° and V\°,^ are given in Table 3.8. The positive and 
large values of Af42 than A^i indicate that amino acid / peptide-solvent interaction in 
the ground state is stronger than in the transition state. This means that the formation 
of the transition state is accompanied by the rupture and distortion of the 
intermolecular forces in the solvent structure. Thus, amino acids / peptide molecules 
act as structure-makers. This is consistent with the conclusion obtained from the data 
of B coefficients. Banipal et al. [229] have been reported the structure making nature 
of L-leucine and L-alanine in 0.05 molL"'aqueous magnesium chloride solution and 
Anwar et al. of L-glutamine in 0.05 molL"'aqueous tetramethylammonium bromide 
solution at different temperatures [233]. 
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TABLE 3.8 V/'tj, , A^i , AfXj", AH2 and AS2 for amino acid / peptide solutions at 
different temperatures 
^1 4 T/K A^ii An2 AH. AS.' 
(cm^-mol'') (kJmor') (kJmol"') (klmol"') (kJmor'K" 
































































































(iv) L-glutamine in 0.512 mol-kg"' aqueous KNO3 solution 
298.15 18.26 9.37 116.57 381.92 
303.15 18.30 9.35 112.63 380.43 


















































































































(viii) glycylglycine in 0.512 mol-kg"' aqueous KNO3 solution 
298.15 18.26 9.37 35.81 211.72 
303.15 18.30 9.35 33.84 210.69 
308.15 18.33 9.32 31.81 210.62 













According to transition state theory, [103] every solvent molecule in one mole of 
solution must pass through the transition state and interact with solute molecules. The 
positive ^^ 2*^ values of L-leucine / L-glutamine / L-alanine / glycylglycine in 0.512 
molkg"' aqueous K2SO4 or 0.512 m o l k g ' aqueous KNO3 solutions increase with 
increase in temperature which suggests that the formation of transition state become 
less favoured in the presence of L-leucine, L-glutamine, L-alanine and glycylglycine at 
higher temperature. This is due to the breaking and distortion of intermolecular bonds, 
which effectively means that more solute-solvent bonds must be broken to form the 
transition state. Feakins et al. [120] reported similar fmdings for a-amino acids in 
aqueous sodium acetate solutions. The values of entropy and enthalpy of activation 
for viscous flow of the amino acids / peptide-aqueous electrolyte solutions have been 
calculated using the following relations, 
AS2" = -d(An2")/dT (3.9) 
AHj" = AiAi" + T ASi" (3.10) 
The ASz" and AHi*^  values at different temperatures are listed in Table 3.8. The 
positive AS2*' and AH2'' values for all studied (amino acids / peptide-aqueous 
electrolyte) systems at each temperature of study indicate the formation of the 
activated complex in transition state which is associated with bond breaking and a 
decrease in order. This suggests that the ground states are in the ordered region. 
CHAPTER-IV 
Isothermal Compressibilities, Internal Pressures, 
Solubility Parameters and Pseudo-Gruneisen 
Parameters of L-leucine / L-isoleucine / L-glutamine 
L-alanine / Glycylglycine in 0.512 mol-kg ' 
Aqueous K2SO4/KNO3 solutions 
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INTRODUCTION 
Isothermal compressibility is a sensitive measure of solute-solvent interactions 
and can be used to monitor solute hydration in aqueous solutions [57,121]. It is a key 
parameter in molecular thermodynamics of fluid phase equilibria. However, it is not 
an easy task to determine isothermal compressibilities directly [57], but through speed 
of sound, density and heat capacity at constant pressure mesurements, it can be 
determined indirectly [122,123]. McGowan [125] and Pandey and Vyas [124] have 
proposed an indirect method to determine isothermal compressibility, by using speed 
of sound and density data. Frank et al. [234] reported isothermal compressibilities of 
aqueous solutions of NaCl, MgS04, Na2S04 and MgClz at different temperatures. 
Hedwig [235] reported isothermal compressibilities of alanine and glycylglycine in 
aqueous solution at 298.15 K and also determined the isothermal compressibility 
values for leucine, isoleucine, alanine and glutamine in aqueous solution at 298.15 K. 
Internal pressure is a* ftindamental property of a liquid, which provides an 
excellent basis for examining the solution phenomenon and studying various 
properties of a liquid state. It is a measure of the change in the internal energy of 
liquid or liquid mixtures, as it undergoes a very small isothermal change. It is a 
measure of cohesive or binding forces between the solute and solvent molecules. 
Pioneer attempts have been made by several workers [236-240] to show the 
significance and its correlation with other properties. Dunlop et al [241] determined 
the internal pressure values of different liquid mixtures and compared those with their 
cohesive energy density values. Stavely et al. [242] predicted interactions in liquid 
mixtures by comparing the internal pressure data to those of pure liquid components, 
Suryanarayana [243] suggested an indirect method to evaluating internal pressure 
using the viscosity, density and speed of sound data. This approach has been 
extensively used for studying the internal pressure of pure liquids, liquid mixtures, 
electrolytic and non-electrolytic solutions [242-250]. Pandey et al. [124] extended the 
method for estimating the internal pressures of ternary liquid systems. Chimnakar et 
al. [251] reported the internal pressure of glycylglycine in 1.5 M aqueous NaCl at 
303.15 K. 
Hildebrand in 1936, proposed [252] the square root of the cohesive energy 
density as a numerical value indicating the solvency behaviour of a specific solvent 
and termed as solubility parameter. Solubility parameter provides an easy numerical 
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method of predicting the extent of interactions between materials, particularly liquids 
and polymers. They are useful in ensuring the suitability of polymers for practical 
applications and in formulating blends of solvents for particular purposes. The 
solubility parameter is also helpful for assessing the compressibilities of various 
substances, and it serves as an efficient guide in the selection of proper compounding 
ingredients [253], and solvents for a polymeric substance [254] and paint [255]. 
Ferreira et al.[143] reported the solubility parameter values of L-isoleucine in 2 M 
aqueous KCl solution at 323.15 K. Feng et al. [141] reported the solubility parameter 
values of L-leucine and L-alanine at different temperatures in water. Pinho [142] 
reported the solubility parameter values of L-isoleucine in 2 M aqueous (NH4)2S04at 
298.15 K. 
The pseudo-gruneisen parameter, a dimensionless parameter, is governed by 
the molecular order and lattice behaviour of substances. Knopoff and Shpiro 1970, 
extended the study of gruneisen parameter to the liquid state, where it is called as 
pseudo-gruneisen parameter and can be determined from experimentally measured 
thermodynamic properties of liquids [148]. Pseudo-gruneisen parameter has been 
studied by several workers [148-156] for investigating the quasi-crystalline behaviour 
and internal structure of liquids. A number of authors [80,85,146,147,150] have 
determined the pseudo-gruneisen parameter for aqueous and non-aqueous systems. 
In this chapter, the isothermal compressibilities, internal pressures, solubility 
parameters and pseudo-gruneisen parameters of L-leucine, L-isoleucine, L-glutamine, 
L-alanine and glycylglycine in 0.512 molkg'aqueous K2SO4 and 0.512 molkg" 
'aqueous KNO3 solutions at different temperatures: 298.15, 303.15, 308.15, 313.15, 
318.15 and 323.15 have been evaluated using the experimental values of speed of 
sound and density. The computed values have been used to study the various type of 
interactions operative in the systems under investigation. 
RESULT AND DISCUSSION 
The isothermal compressibility is defined as, 
KT = - 1 / V(aV / dP)T.N (4.1) 
The isothermal compressibility, KT can be obtained from the equation, 
KT - Ks + T V a \ / Cp (4.2) 
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where KS (=1 /pu") is the isentropic compressibility, V is the molar volume and Cp is 
the heat capacity of the solution. The aj is the thermal expansion coefficient which is 
defined as, 
% = - l / p ( a p / 5 T ) p (4.3) 
The isothermal compressibility can be evaluated using the following 
expression, 
KT = 1.33x10'**/ (6.4x10-^ u^'-p)^'^ (4-4) 
where u and p represent the experimental speed of sound and density values, 
respectively. This expression has been obtained by combining Mc-Gowan's 
expression [125] between isothermal compressibility and surface tension (o), 
KTa '^^ = 1.33x10"* (4.5) 
and the Auerbach relationship [126] between speed of sound and surface tension: 
u=(o/6.4xl0-^p)^'^ (4.6) 
The computed isothermal compressibility values %, using equation (4.4) have been 
listed in the Table 4.1. The K^ values, plotted as a function of molal concentration of 
amino acid / peptide at all temperatures of study, as shown in (Figs 4.1-4.10) exhibit 
linear trends of variation for all the studied systems. A close scrutiny of the Table 
4.1 reveals that the isothermal compressibility values decrease with an increase in 
molal concentration of amino acid / peptide in the 0.512 molkg' ' aqueous K2SO4 
and 0.512 molkg' aqueous KNO3 solutions as well as with an increase in 
temperature between 298.15 and 323.15 K. The observed KT values of 0.512 molkg' 
' aqueous K2SO4 and 0.512 mol-kg'' aqueous KNO3 solutions are 48.69 and 54.81 (10' 
'^ /m^. N''), respectively, at 298.15 K. The observed KT values of (L-leucine / L-
iso leucine / L-glutamine / L-alanine / glycylglycine + 0.512 molkg"' aqueous K2SO4) 
solutions are lesser than those of (L-leucine / L-isoleucine / L-glutamine / L-alanine / 
glycylglycine + 0.512 mol-kg'' KNO3) solutions at all temperature of study. The 
decrease in icj values with an increase in solute concentration seems to be a result of a 
corresponding decrease in free volume and the average kinetic energy of constituents 
of solutions. The K ,^ S04^' and NO3' ions, furnished by K2SO4 and KNO3 in 
solutions, may interact electrostatically with NHs^ and COO' end groups of amino 
acids / peptide being zwitterionic form in solutions. The amount of bulk water 
decreases due to electrostriction phenomenon as the concentration of solute increases 
and thereby compressibility decreases. The decrease in isothermal compressibility 
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TABLE 4.1 Isothermal compressibility values (KT ><10 , m -N' ) as functions of molal 
concentration of amino acid / peptide and temperature 
m/ T/K 
molkg"' 298.15 303.15 308.15 313.15 318.15 323.15 

























































































































































































































































































































































































































































































































Fig. 4.11 Isothermal compressibilities versus molal concentration of 




















Fig. 4.12 Isothermal compressibilities versus molal concentration of 
L-lcucine in 0.512 molkg' aqueous KNO3 solution. 
54.0 










Fig. 4.13 Isothermal compressibilities versus mo la! concentration of 





Fig. 4.14 Isothermal compressibilities versus molal concentration of 
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Fig. 4.16 Tsothermal compressibilities versus molal concentration of 




Fig. 4.17 Isothermal compressibilities versus molal concentration of 
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Fig. 4,18 Isothermal compressibilities versus molal concentration of 




Fig. 4.19 Isothermal compressibilities versus molal concentration of 
glycylglycinc in0.512 molkg"' aqueous K2SO4solution. 
m, mol.kg" 
Fig. 4.20 Isothermal compressibilities versus molal concentration of 
glycylglycinc in 0.512 molkg"' aqueous KNO3 solution. 
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values with an increase in temperature may be ascribed to changes occuring in the 
structure of water clusters around zwitterions and ions (K^, S04'", and NO3') in 0.512 
molkg"' aqueous K2SO4 and 0.512 molkg"' aqueous KNO3 solutions. An increase in 
temperature causes the formation of more incompressible hydrated entities in systems. 
A number of workers [122,201,256] have attributed such type of trends of variation 
for isothermal compressibility with variation in temperature to the presence of 
structured water aggregates at higher temperature. These trends of variation of 
isothermal compressibilities with variation in solute concentration and temperature 
are similar to the variation of isentropic compressibility values with a successive 
increase in molal concentration of solutions and temperature for these systems 
studied in the II chapter. 
The internal pressure Pi, is defined as follows. 
Pi = (dU / aV)T (4.7) 
(dU / dV)T = T (dP / aT)v - P (4.8) 
Pi = T (dP / dT)v - P = T (ap / KT) - P (4.9) 
where ap [= 1 / V (dV / dT)p] is the thermal coefficient; and KT [= -1 / V {dW I dJ)^] 
is the isothermal compressibility. T is the absolute temperature and P is the 
atmospheric pressure. In the equation (4.9) the OT is multiplied by the absolute 
temperature T which makes the term (ap /KT) many thousands of atmospheres so that 
the atmospheric pressure, P, becomes negligible comparison to T (ap / KJ). Thus, the 
equation (4.9) can be written as, 
Pi=(TaT/KT) (4.10) 
The equation (4.10) has been used to compute the internal pressure values of all the 
systems under investigation. 
Thermal expansion coefficient values have been computed from the measured values 
of density as a function of temperature, employing the following relation [257] 
a T = - l / p ( 5 p / a T ) p (4.11) 
The computed Pi values have been given in the Table 4.2 and the plots of Pi versus 
molal concentration of amino acids / peptide are displayed in Figs 4.21-4.30. The 
computed values of thermal expansion coefficient have been listed in Table Al of 
appendix. The computed values of internal pressure exhibit an irregular trend of 
variation with an increase in solute concentration. The Pj values of 0.512 molkg"' 
aqueous K2SO4 and 0.512 molkg"' aqueous KNO3 solutions are 2.546 and 2.087 (lO"^  
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TABLE 4.2 Internal pressure values (PixlO'^, Nm'^) as functions of molal 
concentration of amino acid / peptide and temperature 
m/ T/K 
molkg"' 298.15 303.15 308.15 313.15 318.15 323.15 




































































































(iii) L-isoIeucine in 0.512 mol* kg''aqueous K2SO4 solution 
0.0000 2.546 2.611 2.685 2.754 2.818 2.879 
0.0188 2.549 2.621 2.694 2.762 2.825 2.892 
0.0377 2.563 2.634 2.702 2.770 2.834 2.898 
0.0567 2.571 2.641 2.710 2.779 2.843 2.903 
0.0758 2.585 2.650 2.729 2.791 2.858 2.918 
0.0952 2.616 2.660 2.735 2.802 2.865 2.925 
0.1142 2.637 2.675 2.741 2.811 2.872 2.934 
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(vi) L-glutamine in 0.512 mol-kg"'aqueous KNO3 solution 
0.0000 2.087 2.149 2.213 2.273 2.293 2.384 
0.0481 2.102 2.163 2.226 2.286 2.343 2.396 
0.0987 2.119 2.180 2.244 2.304 2.360 2.414 
0.1499 2.132 2.193 2.256 2.316 2.373 2.428 
0.2002 2.151 2.212 2.274 2.333 2.392 2.448 
0.2521 2.164 2.226 2.286 2.346 2.406 2.460 
0.3048 2.183 2.245 2.305 2.364 2.425 2.482 
(vii) L-alanine in 0.512 mol* kg''aqueous K2SO4 solution 
0.0000 2.546 2.611 2.685 2.754 2.818 2.879 
0.1901 2.623 2.696 2.769 2.843 2.907 2.968 
0.3847 2.733 2.811 2.886 2.956 3.022 3.092 
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Fig. 4.21 Internal pressures versus moial concentration of L-leucine 
in 0.512 mol'kg' aqueous K2SO4 solution. 
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Fig. 4.22 Internal pressures versus molal concentration of L-leucine 



















Fig. 4.23 Internal pressures versus molal concentration of L-isoleucine 
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Fig. 4.24 Internal pressures versus molal concentration of L-isoleucine 
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Fig. 4.25 Internal pressures versus molal concentration of L-glutamine 
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Fig. 4.26 Internal pressures versus molal concentration of L-glutamine 
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Fig. 4.27 Internal pressures versus molal concentration of L-alanine 
in 0.512 mol-kg"' aqueous K2SO4 solution. 
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Fig. 4.28 Internal pressures versus molal concentration of L-alanine 
in 0.512 mol-kg"' aqueous KNO3 solution. 
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Fig. 4.29 Internal pressures versus molal concentration of glycylglycine 
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Fig. 4.30 Internal pressures versus molal concentration of glycylglycine 
in 0.512 mol-kg' aqueous KNO3 solution. 
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Nm"^), respectively at 298.15 K. The variation of P; values with an increase in molai 
concentration of solute may be attributed to the overall increase of cohesive forces in 
solutions. Internal pressure values increase with an increase in temperature. This trend 
of variation of Pi values may be due to a corresponding decrease in the repulsive 
forces among the components of the systems with an increase in temperature. 
The solubility parameter, 8, was defined by Hildebrand and Scott [131] as 
follows, 
5 = (-E/Vy'' (4.12) 
where -E is the cohesive energy of the liquid and V is the molar volume. 
The cohesive energy density and the internal pressure are interchangeable parameters, 
similar to the energies or forces at the surface of liquids, which describe the powerful 
cohesive forces that hold liquid together. The solubility parameter has been defined as 
the square root of the cohesive energy density of the solution [258], and is given by 
the following relation, 
5 = (Pi)"^ (4.13) 
The evaluated values of solubility parameter have been summarized in the Table 4.3. 
The plots of 6 versus molal concentration of amino acids / peptide are displayed in 
Figs 4.31-4.40. The 8 value shows an irregular trend of variation with an increase in 
molal concentration of amino acids / peptide and an increasing trend of variation with 
an increase in temperature from 298.15 to 323.15 K. The 8 values of 0.512 molkg"' 
aqueous K2SO4 and 0.512 molkg"' aqueous KNO3 solutions are 5.046 and 4.568 (lO'' 
(Nm"^)''^), respectively, at 298.15K. Such a variation in 8 values may be attributed to 
a variation in the cohesive energy density of the solution on addition of solute. The 
trends of variation of 8 with an increase in solute concentration and temperature are 
similar to that of the trends of a variation of internal pressure since it is the square root 
ofPi. 
The pseudo-gruneisen parameter measures the degree of molecular / ionic 
association in a solution. 
The pseudo-gruneisen parameter is defined [148] as, 
r = u^aT/Cp (4.14) 
where u is the speed of sound and Cp is the isobaric heat capacity . Using the standard 
thermodynamic relations [259] 
y=l+TaT^u^/Cp (4.15) 
TABLE 4.3 Solubility parameter values (5xl0"^ (N-m"^ )'''^ ) as functions of mo la 1 
concentration of amino acid / peptide and temperature 
_ _ _ _ 
molkg"' 298.15 303.15 308.15 313.15 318.15 323.15 
(i) L-leucine in 0.512 mol'kg'^  aqueous K2SO4 solution 
0.0000 5.046 5.109 5.182 5.248 5.308 5.366 
0.0188 5.050 5.121 5.193 5.258 5.319 5.375 
0.0378 5.054 5.130 5.200 5.266 5.326 5.383 
0.0568 5.061 5.138 5.210 5.273 5.335 5.391 
0.0759 5.077 5.152 5.227 5.287 5.348 5.404 
0.0957 5.086 5.161 5.231 5.295 5.355 5.410 
0.1143 5.095 5.170 5.239 5.304 5.363 5.417 
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Fig. 4.31 Solubility parameters versus molal concentration of L-leucine 
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Fig, 4.32 Solubility parameters versus molal concentration of L-leucine 
in 0.512 mol-kg' aqueous KNO3 solution. 
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Fig. 4.33 Solubility parameters versus molal concentration of L-isoleucine 











Ffg. 4.34 Solubility parameters versus molal concentration of L-iso leucine 
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Fig. 4.35 Solubility parameters versus molal concentration of L-glutamine 
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Fig. 4.36 Solubility parameters versus molal concentration of L-glutamine 
in 0.512 mol-kg' aqueous KNO3 solution. 
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m, mol.kg" 
Fig. 4.37 Solubility parameters versus molal concentration of L-alanine 
in 0,512 niol-kg'' aqueous K2SO4 solution. 
5.40 
m, mol.kg' 
Fig. 4.38 Solubility parameters versus molal concentration of L-alanine 




Fig. 4.39 Solubility parameters versus molal concentration of glycylglycine 
in 0.512 mol-kg"' aqueous K2SO4 solution. 
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Fig. 4.40 Solubility parameters versus molal concentration of glycylglycine 
in 0.512 mol-kg' aqueous KNO3 solution. 
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and 
Y = KT/Ks = p u ^ / V ( d V / a P ) (4.16) 
the equation (4.15) becomes 
r = l / T [ p u ^ / V ( d p - ' / a P ) ] (4.17) 
The following relation is employed for the computation of pseudo-gruneisen 
parameter, 
r=(Y-l)/aTT (4.18) 
where y is the specific heat ratio. The values of y have been computed employing the 
following expression, 
y = Cp/Cv = KT/Ks (4.19) 
where KS (=l/pu^) is the isentropic compressibility of the solution. The computed 
values of pseudo-gruneisen parameter have been listed in the Table 4.4 and plots have 
been represented in Figs. 4.41-4.50. The computed values of y have been listed in 
Table A2 of appendix. The pseudo-gruneisen parameter values are negative at all 
molal concentrations of solutions and at all studied temperatures. The negative values 
indicate the probable formation of intermolecular complex in the solution and strong 
intermolecular interactions. The T values of 0.512 molkg"' aqueous K2SO4 and 0.512 
molkg"' aqueous KNO3 solutions are -7.062 and -7.606, respectively, at 298.15K. On 
addition of 0.0378 m L-leucine, 0.0377 m L-isoleucine, 0.1429 m L-glutamine, 
0.1901 m L-alanine and 0.1911 m glycylglycine in 0.512 mo lkg ' aqueous K2SO4 
solutions at 298.15 K the T values become -8.075, -8.058, -8.105, -8.017 and -8.074, 
respectively. On addition of 0.0398 m L-leucine, 0.0390 m L-isoleucine, 0.1499 m L-
glutamine, 0.1971 m L-alanine and 0.1997 m glycylglycine in 0.512 molkg"' aqueous 
KNO3 solution at 298.15 K, the T values become -8.136, -8.157, -8.769, -8.706 and -
8.775, respectively. The T values exhibit an irregular trend of variation with an 
increase in solute concentration. The decreasing trend of pseudo-gruneisen parameter 
with an increase in temperature may be due to a corresponding increase in the kinetic 
energy of molecules, which in turn, increases the thermal motion of solute molecules 
and disrupt the molecular association. 
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TABLE 4.4 Pseudo-gruneisen parameter (F) values as functions of molal 
concentration of amino acid / peptide and temperature 
m/ T/K 
molkg"' 298.15 303.15 308.15 313.15 318.15 323.15 
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Fig. 4.41 Pseudo-gruneisen parameters versus molal concentration of 
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Fig. 4.42 Pseudo-gruneisen parameters versus molal concentration of 
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Fig. 4.43 Pseudo-gruneisen parameters versus molal concentration of 
L-isoleucine in 0.512 mol-kg"' aqueous K2SO4 solution. 
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Fig. 4.44 Pseudo-gruneisen parameters versus molal concentration of 













• 3 I 8 . 1 5 K 
•4 323.15K 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 
m, mol.kg 
Fig, 4.45 Pseudo-gruneisen parameters versus molal concentration of 
L-glutamine in 0.512 mol-kg"' aqueous K2SO4 solution. 
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Fig. 4.46 Pseudo-gruneisen parameters versus molal concentration of 
L-glutamine in 0.512 molkg"' aqueous KNO3 solution. 
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Fig. 4.47 Pseudo-gruneisen parameters versus molal concentration of 
L-alanine in 0.512 mol-kg"' aqueous K2SO4 solution. 
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Fig. 4.48 Pseudo-gruneisen parameters versus molal concentration of 





Fig. 4.49 Pseudo-gruneisen parameters versus molal concentration of 
glycylglycine in 0.512 mol-kg'' aqueous K2SO4 solution. 
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Fig. 4.50 Pseudo-gruneisen parameters versus molal concentration of 
glycylglycine in 0.512 mol-kg"' aqueous KNO3 solution. 
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TABLE Al Thermal expansion coefficients (OT X 10''/ K"') as functions of molal 
concentration of amino acid / peptide and temperature 
_ _ _ _ 
mol-kg-' 298.15 303.15 308.15 313.15 318.15 323.15 













































































































































































































































































































(vii) L-alanine in 0.512 mol'kg'' aqueous K2SO4 solution 
0.0000 4.149 4.157 4.165 4.174 
0.1901 4.182 4.190 4.197 4.207 
0.3847 4.258 4.266 4.274 4.283 
0.5849 4.277 4.285 4.299 4.302 


























(viii) L-alanine in 0.512 mol-kg'' aqueous KNO3 solution 
0.0000 3.838 3.845 3.853 3.860 3.867 3.875 
0.1971 3.852 3.859 3.866 3.874 3.881 3.889 
0.4038 3.860 3.868 3.876 3.883 3.895 3.898 
0.6157 3.879 3.886 3.894 3.902 3.909 3.917 
0.8362 3.888 3.895 3.903 3.910 3.918 3.926 
1.0658 3.896 3.903 3.911 3.919 3.927 3.934 
1.3028 3.914 3.920 3.929 3.937 3.945 3.952 





































































































TABLE A2 Specific heat ratios as fiinctions of molal concentration of amino acid 
peptide and temperature 
nV T/K 
moMcg-' 298.15 303.15 308.15 313.15 318.15 323.15 
(i) L-leucine in 0.512 mol*kg''aqueou$ K2SO4 solution 









































































































































































































(v) L-glutamine in 0.512 mol'kg'* aqueous K2SO4 solution 
0.0000 0.12663 0.12660 0.12652 0.12656 0.12658 0.12660 
0.0472 0.12643 0.12637 0.12632 0.12631 0.12639 0.12638 
0.0950 0.12622 0.12616 0.12611 0.12611 0.12615 0.12618 
0.1429 0.12604 0.12595 0.12590 0.12591 0.12596 0.12597 
0.1918 0.12579 0.12574 0.12569 0.12570 0.12574 0.12577 
0.2408 0.12559 0.12553 0.12549 0.12549 0.12555 0.12557 
0.2903 0.12539 0.12532 0.12528 0.12529 0.12535 0.12537 
(vi) L-glutamine in 0.512 mol-kg"* aqueous KNO3 solution 















































(vii) L-alanine in 0.512 mol-kg"' aqueous K2SO4 solution 
0.0000 0.12663 0.12660 0.12652 0.12656 
0.1901 0.12612 0.12607 0.12602 0.12601 
0.3847 0.12562 0.12556 0.12553 0.12554 
0.5849 0.12511 0.12505 0.12503 0.12505 


























(viii) L-alanine in 0.512 mol*kg~ aqueous KNO3 solution 
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Densities and Speeds of Sound in L-Leucine/L-lsoleucine + Aqueous 
K2SO4/KNO3 Systems at (298.15 to 323.15) K 
Riyazuddeen* and Umaima Gazal 
Department of Chcroutry, Aligarh Miwlim University, Aligarh 202002, UP, India 
ABSTRACT! Dcniity (p) and ipeed of iound («) values have been measured of L-leucine + 0.5 mol • L ' aqueous K1SO4/ 
and L-isoIeudne + 0.5 mol-L aqueous KiS04/KN03 systems for several molal concentrations of L-leudne/L-isoleui 
•/KNO, 
.-isoleudne at 
different temperatures T ^ (298.15, 303.15, 308.15, 313.15, 318.15, and 323.15) K. Using the experimental values of p and u, the 
apparent molar volumes, partial molar volumes, transfer partial molar volumes, isentropic compressibilities, apparent molar 
isentropic compressibilities, partial molar isentropic compressibilities, and transfer partial molar isentropic compressibilities have 
been calculated. The measured and calculated thermodynamic parameters have been discussed in terms of zwitterion—ion, 
zwittcrion—water dipole, ion--ion, and ion-water dipole interactions. 
• INTRODUCTION 
Metal ions are essential for the biological fiinction of many 
proteins. At least one-third of all proteins encoded in the human 
genome appear to contain metal ioni which perform a wide range 
of specific fiinctions.' Salt-induced precipitation is an extensively 
used method as an initial step to purify proteins because of its 
selectivity and low cost. Thus, the study of the interactions of ions 
and proteins is usefijl to understand the physiological systems 
and in the separation and purification processes of proteins.^ * 
However, proteins are complex molecules, and their behavior in 
solutions is governed by a combination of a number of specific 
interactions. One approach that reduces the degree of complexity 
in the study of these interactions and requires less complex 
measurement techniques is to study the interactions in systems 
containing smaller biomolecules, such as amino acids, As amino 
adds are the building blocks of the proteins, their study provides 
important information which can be related to the behavior of 
larger biomolecules such as proteins, Amino acids also play a 
significant role in metabolism and in many neurochemical 
response mechanisms, such as memory, appetite control, and 
pain transmission.'* They are alio used as food additives and 
have many applications in the pharmaceutical industries. Studies 
of the effect of concentration of salt and temperature on the 
thermodynamic properties of aqueous amino acid solutions have 
been proven to be very lueful in elucidating the various interac-
tions that occur in these solutions.' " The volumetric and 
compressibility studies of amino acids in aqueous salt solutions 
have been employed to understand the nature of interactions 
operathrc in solutions.'""*'*'* ** KiS04 influences the unfold-
ing of protein, RNase Sa.** KNOj affects the nucleic add 
synthesis in the greening cucumber cotyledons^" and the stability 
of tropomyosin. ' Thus, the study of interactions in amino add/ 
aqueous K2SO4/KNOJ systems is significant with a view to 
understanding the interactions in protein—aqueous K2SO4/ 
KNOj systems. 
This study focuses on the measurements of density (p) and 
speed of sound (u) values of i.-leucine or L-isoleudne in 
0.5 mol-L ' aqueous KjS04 or 0.5 mol-L ' aqueous KNOj 
solution as fijnctions of molal concentration of L-leucine/ 
L-Uoleucine and T = (298.15, 303.15, 308.15, 313.15, 318.15, 
and 323.15) K. The measured density and speed of sound data 
have been used to compute the apparent molar volume (^„), partial 
molar volume (^v")/ transfer partial molar volume (A^^"), 
isentropic compressibility (K,), ap>parent molar isentropic com-
pressibility {^K)> partial molar isentropic compressibility (^K"), and 
transfer partial molar isentropic compressibility (At^^ ) values 
with the view to understanding the iwitterion—ion, zwitterion-
water dipole, ion—ion, and ion—water dipole interactions operative 
in the solutions. 
• MATERIALS AND METHODS 
The amino adds L-leudne and L-isoieudne and the salts 
potassium sulfate and potassium nitrate of high purity (> 99 % 
by mass fi-action), used in the present studies, were purchased 
from SRL (India) and E. Merck (India), respectively. The amino 
adds were recrystallized twice in (ethanol + water) mixtures, 
dried at T = 383.15 K, and kept in vacuum desiccator over PjOj 
for at least 72 h before use. The salts were recrystallized in triply 
distilled water, dried at T = 423.15 K for at least 3 h, and then 
kept over PjOs in a vacuum desiccator at room temperature for 
a minimum of 48 h prior to their use. Stock solutions of 
0.5 mol'L"' aqueous K2SO4 and 0.5 mol-L ' aqueous KNO3 
were prepared at 298.15 K in triply distilled water and were used 
as solvents for the preparation of L-leudne and L-isoleucine 
solutions. The molalities of 0.5 mol*L ' aqueous K2SO4 and 
0.5 mol'L^' aqueous KNO3 solutions were found to be 0.512 
mol-kg' and 0.512 mol-kg ', respectively. All of the solutions 
were stored in spedal airtight bottles to prevent the exposure of 
solutions to air and evaporation. TTie density and speed of sound 
values of the solutions were measured at different temperatures 
with a density and sound velodty meter (Anton Paar DSA 
5000 M, Austria). The uncertainties in density and speed of 
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Table I Density, />• 10 ' / (kg-m ' ) , as a Function of Molal 
Concentration of L-Leudne/L-Iioleuclne at Different 
Temperatnres 
Table 2. Speed of Sound, u/(m'S ), as a Function of Molal 
Concentration of t-Leucine/t-Isoleucine at Different 
Temperatures 
mol.kg ' 298.1S WJ.IS J08.1S I B I S JtS.lS J i l . l S 
I leucinemOS 12 mol'kg ' AqucousKiSO, 
O.aXKI 1065810 IMIOIO 1.060060 1.0S774O l,0SSI4O 
O.OlHh 1064067 1.06227S 1,06011't I.0S7W1 1.0SSM3 
O.OVK 1.064312 1.062S17 1.060SS3 I.0S82J2 1.0S5629 
0.0.S6K 106460.1 1.062806 1.060840 1 058S18 1.05S922 
0.07-,M 1.064844 l,06J04S 1.061078 1.0S87S4 1,0561 SO 
O.IWS" 1.0649S4 1.06,11.S4 1.061186 1.0.S886I 1.0S62S9 
0.114 4 1.065148 1.063.543 1.061373 1.059048 1.0S6446 
I, leucine in 0.512 mohkg ' Aqucoiu KNO, 
0.00(10 1027984 1.026225 1.024102 1.022050 1.020200 
0,014S 1028359 1.026598 1.024472 1.022437 1.020496 
0.034K 1028741 1.026977 1.024840 1.022809 1.020860 
O.OSHK 1 029102 1.027335 1.025207 1.023169 1.021217 
0.07,H(. 1029453 1.027683 1.025547 1.023511 1,021562 
0.09M 1029788 1,028016 1,025883 1,023841 1,021891 
0,11.H^, 10.50161 1,028387 1.026257 1,024208 1.022257 
i .Uol*ucmcinO,512 mul -kg ' A q u e t i m K j S O , 
0,0000 1,063810 1,062020 1,060060 1,057740 1.OSS 140 
0,01HK 1 064146 1062350 1,060379 1,058065 1.055461 
0,0 r - 1064469 1062666 1,060695 1.058372 1.055774 
0.0567 1,064839 1,063035 1,061063 1,058736 l,0S6132 
0,07S8 1,065123 1,063322 1,061350 1,059021 1,056411 
0,09%i 1,065418 1.06.3611 1,061634 1.059289 1,056679 
0.1 U2 1,065753 1.06.3838 1,061858 1,059525 1,056897 
1-Uoleucme inO.512 mol-kg AqueousKNOi 
0.0(KK) 1027984 1,026225 1,024102 1.022050 1.020200 
0.01M4 1.028435 1,026672 1.024.S45 1.022665 1.020722 
0.03'r 1.028876 1.027112 1.024985 1.023103 1.02USS 
0.05K" 1.029303 10275.36 1.025407 1 023S17 1.021564 
0.07SS 1,029758 1.027989 1.025855 1.02.5967 1.022017 
0.098! 1.030172 1.028398 1.026264 1,024379 1,022429 
0,ll>,2 1,030577 1.028801 1.026651 1.024747 1,022787 





























sound measurements were within ± 5 - 1 0 icg-m ' and ± 
0.5 m-s ', respectively, under the most favorable conditions. 
The reproducibility of the density and speed of sound values 
were found to be within 1.10 ^kg-m 'and 0.1 m - s ' , respec-
tively. The uncertainties in the derived parameters, ^J', A,r(t)„, h,„ 
<t>,", and A„(t)/' are ± O.OS-10 * m ' - m o r ' , ± 0,05 
10 " m ' m o r ', ± 0.5-10 " m'-N ', ± O.S-10 " bar ' 
m'-mol ', and ±0.5-10 "ba r '•m'-mol ', respectively. 
• RESULTS AND DISCUSSION 
The den.sity and speed of sound values of L-leucine + 0.5 mol • L ' 
aqueous K2SO4/KNO, and L-isoleudne + 0.5 mol-L"' aqueous 
KjSO+ZKNO, systems have been measured as a function of molal 
concentration ofi,'leucine/i.-isoleucine at temperatures, T= (298.IS, 
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of p and u have been listed in Tables 1 and 2. The p 
in 2 mol'L aqueous KNO3 and 1.5 mol-L 
ISSLl 






1 and u oil 































solutions have been measured in oiu-laboratory eariier, ' Similarly, 
the p and u of L-isoleudne in 1 mol-L" aqueous KNO, solution 
have been measiued in oiu- laboratory earlier. The observed p of 
i.-leudne in 0.5 mol-L ' aqueous KNOj solution at 298,15 K is 
1.028359 (lO'Ag-m '), whereas the reported p of i-Ieucmi- in 
2 mol-L aqueous KNOj solution and in 1.5 mol-L ' aqueous 
KNO, solution from our laboratory are 1.1230 (10^/kg • m ') ^ ^ and 
1.0872 (10^Ag- m "*)," respectively. The observed p of 1 -isoleucinc 
in 0.5 mol-L ' aqueous KNO3 solution at 303.15 K is 1,026672 
(10 /kg-m" ') , whereas the reported p of L-isoleucine in 1 mol-L ' 
aqueous KNO3 solution from our laboratory is 1.0534 (10* 
kg-m ). TTie density values of the studied systems eithibit an 
usual increase with an increase of the molal concentration of 
L-leudne/L-isoleucine in aqueous K2SO4/KNO1 solutions and 
dewease with an inaease in temperature. All of the systems seem 
dx,dai.org/10.10Jl/jeJ00M6j \J (hfm. ing. Dalo 2012, S7, 
Journal of Chemical & Engineering Data 
to exhibit almost linear behavior in their variation of p with the 
increase in i.-leudne/i-isoleucine concentration a& well as with 
temperature. The observed u of i.-leudne in 0.5 mol • L~' aqueous 
KNO, solution at 298.1S K is lS18.9/(m-s ') , whereas the 
reported u from our laboratory of i-leucine in 2 mol • L ' aqueous 
KNO, solution is lS66.4/(m-s ') . "* The observed M of L-isoleucJne 
in 0.5 mal'L~' aqueous K2SO4 and 0,5 mol-L ' aqueous KNO3 
solutions at 303,15 K are 1573,4 and I530.1/(m'« '), respectively, 
whereas the reported u from our laboratory of L-isoleudne in 0.5 
mol'L ' aqueous KjS04 and in 1 mol-L ' aqueous KNO, 
solutions are 1573,8 and 1542,6/(m -s" ' ) , ^ respectively. The speed 
of sound values increase Mth an increase In molal concentration of 
L-leucine/'i.-isoleucine in aqueous KjSOVKNOi solutions as well as 
with temperature in all of the systems under investigation. 
Using the measured values of density of solvent and solution, 
the apparent molar volume values have been calculated by the 
following equation: 
t = (M/p) - {{p- Pn)l'»PPo] (1) 
where m is the molality of the solution, M is the molar mass of the 
solute (kg • mol ')iandpoandparethedensity values (kg-m ) 
of solvent and solution, respectively. The apparent molar 
volume values have been fitted by least-squares method to the 
equation 
^" 5i,w (2) 
where <()„', is the apparent molar volume at infinite dilution that is 
also referred to as the partial molar volume of the solute and S^  is 
the volumetric pairwise interaction coefeient. ' The 4>i' / S^ , 
and o„ (<itandard deviation) values of L-leucine/L-isoleucine in 
O.S mol • 1/ ' K2SO4/0,S mol • L ' aqueous KNOj solutions have 
been listed in Table 3, The observed ^° values of L-leucine/ 
L-isoleucine in 0,5 mol-L ' aqueous (C2SO4/KNOJ solutions 
could not be compared with the literature values as these values 
are not available. The observed ^^ value of L-leucine in aqueous 
medium at 298.15 K is 107,32 (lO " m^'-mof ' ) . whereas the 
corresponding hterature values are 107.74,'•* 107.83,'* 107,69,'* 
107,76," and 107.72 (10 ' m'-mol ')•** The observed <t>," 
value of : -isoleucine in aqueous medium at 298.15 K it 105.37 
(10 '^m'-moj O-The literature values oi^^ oi i.-isoleucine in 
aqueous medium at 298,15 K are 105,80,'* 105.71,'* 105,73,'^ 
and 10S.''9(10 "m'-mol ' ) , ' " The observed (j)^ " of L-leucine in 
0.5 mol I, ' aqueous KNO, at 298.15 K is 109,07 (10 * 
m' • mol '). The reported 4>u" of L-leucine in 2 mol • L ' aqueous 
KNOj solution from our laboratory is 112,84 (10 *m'''mol ), "* 
The observed values of (j),," of L-leucine and L-isoleudne in aqueous 
medium are quite close to literature values. The ^^ values of 
L-leucine and L-isoleucine in 0,5 mol-L aqueous solutions of 
K2S04/KNO, solutions are higher than corresponding values in 
aqueous medium at all temperatures of study. The ^„ values of 
L-leucine and L-isoleucine in 0,5 mol • L aqueous solutions of 
K2SO4 and KNO, show an increase with an increase in tem-
perature. In neutral solutions, the amino acid molecules exist as 
zwitterioii.s.'"' •" The electrostriction of water molecules occws 
near the terminal groups of zwitterions, NH3* and COO . The 
presence of K', S04^ , and NO, ftjrnished by K2SO4 and 
KNO, seems to affect the hydration spheres of charged terminal 
groups of zwitterions. As a result ofK* - C O O , S04^~—NH,*^, 
and NO, —NH,^ interactions, the hydrated zwitterions may 
relax some water molecules to the bulk water which, in turn, may 
cause an increase in the volume. The increase in ^„ value with an 
Table3. Partial Molar Volume, 0„''-10*/(m''mol ') , Slope, 
S„ • 10''/(m' • mol ^ • kg), and Standard Deviation, a, IO" 
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increase in temperature may be attributed to the volume evpan 
sion of hydrated zwitterions or reduction in electrostriction 
The observed higher ^^ values for i-leucine/i-isoleucme 
in O.S mol-L ' aqueous K2SO4/O.S mol-L aqueous KNO, 
solutions as compared with their values In aqueous medium 
suggest the domination of zwitterion - ion interaction.s than 
zwitterion—water dipole interactions in solutions. The higher 
values of i),, of amino acid molecules in presence of sodium 
acetate, sodium propionate, and sodium butyrate than m aqueous 
medium have been also reported in literature. The .S„ values arc 
experimental slopes. 
The partial molar volume of transfer of L-leucine/L-isoleucme 
from water to 0.5 mol-L ' aqueous K2SO4/O.5 mol-L jqu 
eous KNO} solutions (A,r<t'i' ) at a temperature i.s defined as, 
Atr<f>„' = <t>,''(0,S mol-L~' aqueous K2SO4/0,5 mol-L ' 
aqueous KNOj solution) i}i "(water) 3i 
The At,(()„ values of L-leudne/L-isoleucine in O.S mol-1 
aqueous K2SO4/0,5 mol-L^ aqueous KNO, solution at difier-
cnt temperatures have been listed in Table 4. The A,r4>i. values of 
L-leucine in 0,5 mol-L ' aqueous K2SO4 or 0,5 mol-1 ' 
aqueous KNO, are higher than those of L-isoleucine at a given 
dK.do(,org/I0,1021/j«200146) \l. Chem fng, Oata 2012, 57. 7 ,j 
Journal of Chemical & Engineering Data 
Table 4. Transfer Partial Molar Volumes, Air0v'''10 / 
(m'-moi ' ) , of L-Leucine/i-Isoleucine from Water to 0.512 
mol • kg ' Aqueous KjSO+ZO.S 12 mol • kg ' Aqueous KNO, 
at Different Temperatures 
T/K= 298.15 303. IS 308. IS 313.1S 3J8.IS 
1. Ijsuane ui OS 12 mol • kg ' Aqueous KiSO^ 
3.2: 3.2S 5-51 3.63 4.02 
L-LeuaneinO.S12 mul'liLg AijueouiiKNOj 
l."i 1.93 2.10 2.24 2.-S2 
1 Uoleucme in O.S 12 mol • leg Aqueous K2SC)., 
l .« ' 2.02 2.29 2.S7 2.72 
I IsoleucineinO.SU mol.kg 'AqueoutKNO, 
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Figure 1. K, values verses molal concentration ot 1 -leucine in i) ^ M 
aqueous KjS04 solution. • , T = 298.1S K; • , T = 303.1S K, A ( = 
308.15 K; • , T = 313.15 K; • , 7 = 318.15 K; •<, T = 323.1.S K. 
temperature. The A,,^,," for i -leucine/i.-isoleucine in O.S mol' L ' 
aqueous K2SO4/KNO, systems increase with an increase in 
temperature. The higher Atr<t>," values of L-leucine in 0,5 mol • L ' 
aqueous K2SO4/KNO3 solution than the corresponding 
values of L-isoieucine in O.S mol • L ' aqueous K2SO4/KNO3 
solution (lirther reinforce the view that the COO - K ^ N H j ^ -
S04^ , and N H , ' - N O , interactions are stronger in L-leucine + i^oyxa^ zwitterions and ions (K*, SO4 , and NO3 ) in aqueous, 
compressibility values with an increase in temperature mav be 
ascribed to changes occurring in the structure of water clasters 
O.S moIL aqueous K2SO4/KNO3 systems than those in 
i.-isoleucme + O.S mol-L ' aqueous K2SO4/KNOJ systems. 
Furthermore, the increase of At,(t>v values with an increase in 
temperature for all of the systems under investigation suggests 
the corresponding reduction of electrostricted water molecules. 
The isen tropic compressibility values of L-leucine/t-isoleucine + 
O.S molL ' aqueous K2SO4/KNOJ systems have been cal-
culated u.sing the Newton Laplace equation:'*^ 
k'. = \lpu (4) 
The isen tropic compressibility values of i.-leucine in O.S mol-L ' 
aqueous KjS04 solution as a function of molal concentration of L-
leucineat 7= (298,15,303.15,308,15,313,15,318,15,and323,15) 
K have been plotted in Figure I as a representative case. The K^ 
values for all of the systems under investigation exhibit similar 
trends ot variation with variations in molal concentration of i.-
leucine or i-isoleucine and temperature. The K, values of 
0.S moM ' aqueous K2SO4 and 0,5 moI-L ' aqueous KNO, 
solutions decrease with an increase in molal concentration of i.-
leucine or L-isoleucine in the solutions. This decreasing trend of/c, 
values may be attributed to a corresponding increase in cohesive 
forces in (L-leucme/i.-isoleucine + aqueous salt) solutions at all 
temperatures of study. ITie K, values of (L-leucine -^  0.5 mol-L ' 
aqueous K2SO4) are less than those of (L-leudne +0,5 mol-L^' 
KNOj) solutions at all temperatures of study. This trend may 
be ascribed to stronger zwitterion-S04^ interactions than 
zwfitterion NO, interactions due to stronger polar nature of 
S04^ ui comparison with NO, . Moreover, each KjS04 mole-
cule furnishes two K* ions, whereas KNOj molecules provide one 
K* ion in solutions. Thus, the presence of twice number of K* ions 
in 0,5 mol-L ' aqueous K2SO4 solution leads to a higher 
magnitude of cohesive forces in solution. Similarly, the K. vJues 
of (i.-isoleucine + O.S mol-L ' aqueous K2SO4) solution are less 
than those of (L-isoleucine + 0,5 mol-L ' aqueous KNO3) 
solution.s at all temperatures of study. The decrease in isentropic 
solutions. TTie thermal rupture of water clusters with an 
increase in temperature may cause the formation of smaller clasters 
of water molecules, which in turn may form the compact clusters at 
higher temperatures.^" 
The apparent molar isentropic compressibilities have been 
calculated using the equation:" '^'*^ 
•{•K = {(K.-K-o)/mp„} + ic,<fi„ 5 
In the above-mentioned eq S, m is the molality of the solution 
(mol-kg~ ), po is the density of the solvent (kg-m '), and K 
(= Mpu ) and (Co (= l/po"o^) are the isentropic compressibilities 
of the solution and solvent (m^ - N ') , respectively. The values ot 
(j)^  have been fitted by the least-squares method to the linear 
equation: 
= 4IK + iVm ;6l 
where 4>k is the apparent molar isentropic compressibilitv at 
infinite dilution, which is also referred to as the partial molar 
isentropic compressibihty, and is a measure of solute solvent 
interactions. The ^^ , ^wi arid standard deviation a^, values of 
linear regression of eq 6 have been listed in Table S. The <()J' 
values for L-leucine/L-isoleucine in O.S mol-L ' aqueous 
K2SO4/KNO3 solution are negative except for the L-leucine in 
0.5 mol-L ' aqueous K2SO4 and 0,5 mol-L ' aqueous KNOj 
systems at 298,15 K. The observed ^° of L-leucine in O.S mol • L ' 
aqueous KNO, at 298.15 K is 1,28 (10 " bar '-m'-mol ') 
The reported (|i„ of L-leucine in 2 mol - ]S ' aqueous KNO, from 
our laboratory is - 5 , 5 6 ( 1 0 " " bar '-m'-mol ').^^ The nega 
tive values of (j)^  (loss of compressibility of the medium) indicate 
that the water molecules surrounding the i.-leucine/L-isoleucine 
molecules present a greater resistance to compression than the 
bulk. On the other hand, positive values of ^" indicate that 
the water molecules around the i.-leucine/L-isoleucine molecules 
are more compressible than the water molecules in the hulk 
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Table 5. Partial Molar Uentropic ComDreMibiUty, dj*-
10'V(bar ';in*-inol *), Slope, S -^ lo'V(bar '•m^-
m o r -mor^ki^, and Stanilard Devtation, a^ • lO'V 










































































































solution. The observed values of f ^ of L-lcucine/L isoleucine in 
0,5 mol-L ' aqueous K2SO4/KNOJ systenu could not be 
compared with the reported values as these are not available in 
the literature. The reported ^K° values of L-lcucine in aqueous 
systems at 298.15 K are -3,178** and -3.159 (10 " bar '• 
m •^mol ')/'wherBasourvalueU-2.334(lO "bar '-ra^-mol '). 
The reported ^J' value of L-isoleudne in aaueous systems at 
298.15 K is -3.21 ^ l O " bar '•m^-morO/^ whereas our 
value is - 2.954 (10"'' bar"' -m^-mor'). Thus, our 4*,^ '^'values 
are quite close to the literature values. The S^ values are the 
e]q>erimental slope. 
The partial molar isentropic compressibilities of transfer, 
AU<|>K'', of L-leucine/L-isoleucine from water to 0,5 mol-L"' 
aqueous K2SO4 or 0.5 mol • L ' aqueous KNO3 solution at a 
temperature have been calculated using the following equation: 
Au<t>,c" = 't'»"(0.5 mol-L ' aqueous KJSO4/O.5 mol-L"' 
aqueous KNO, solution) - (t)^ "(water) (7) 
The computed At^^" values of L-leudne and L-lsoleucine in 0.5 
mol-L ' aqueous K2SO4/KNO] solutions have been listed in 
Table 6.The h^^^J' values of i-leucine in 0.5 mol-L ' aqueous 
Table 6. Transfer Partial Molar Isentropic Compressibility, 
At^x" - 10"/(bar ' • m^ - m o l ' ) , of L-Leudne/L-Isoleuclne 
from Water to 0.512 mol-kg"' Aqneous K2SO4/O.512 mol-
kg ' KNO3 at Different Temperatures 
T/K = 298.15 303.15 308.15 313.15 318.15 
L-Leucinein0.512 mol-kg Aqucou.«KiS04 
4.33 4.91 5.94 6.41 726 
L-Leucine in 0,512 mol • kg ' Aqueous KNO; 
3,61 2.33 3.70 4.59 5.00 
L-Isoleucine in 0.512 mol • kg" ' Aqueous K2SO, 
2.71 5.97 6.78 7.66 8.93 
L-UoltucrotmO.Sll mol-kg ' AqatoaiKNOi 
2.64 3.90 6.66 7.34 8.85 





K2SO4/KNOJ solution is higher than the Atrij'v'' values ot i,-
isoleudne in 0.5 moI-L'' aqueous K2SO4/KNOJ at a particular 
temperature. The At^^" values of L-leucine in 0.5 mol-L ' 
aqueous K2SO4 solution are higher than the corresponding 
values of L-leucine in 0.5 mol-L aqueous KNO, solution. 
Similarly, the Atr^J' values of L-isoleucine in 0.5 mol-L ' 
aqueotis K2SO4 solution are higher than the corresponding 
values of L-isoleucine in 0.5 mol-L"' aqueous KNO^ solution. 
The Atr^ "*:" values for L-leucine/L-isolcucine in 0.5 mol-L ' 
aqueous K2SO4/KNO3 solution increase with an increase in 
temperature. These trends of variations of A^,,. are consistent 
with the trends of variation of \r^°- The positive values of 
At^if may be attributed to the interactions occurring between 
K* and COO /S04^ and between NO, and NHj* ions. Due 
to these interactions, the electrostriction of neighboring water 
molecules around the charged centers of L-lcucine/i.-isoleucine 
will be reduced in the presence of K2SO4 and KNO,. There-
fore, the electrostricted water goes out of the hydration 
spheres of these ions and enters into the bulk which is more 
compressiblc,^ '^* '^*^ which makes a positive contribution to 
• CONCLUSIONS 
The observed higher ^^ values for L-leucine/L-isoleucine m 
0.5 mol-L"' aqueous solution of K2SO4 and 0.5 mol-L ' 
aqueous solution of KNO3 as compared with their values in 
water suggest the domination of zwitterion—ion interactions 
than zwitterion—water dipole interactions in solutions. The K, 
values of (L-leucine -1- 0.5 mol - L" aqueous K2SO4) are lesser 
than those of (L-leucine + 0.5 mol-L~' KNO,) solutions at all 
temperatures of study which may be ascribed to stronger 
zvritterion—S04^~ interactions than zwitterion—NO, interac-
tions due to the stronger polar nature of S04^ in comparison 
with NO3 . The decrease in isentropic compressibility values 
with an increase in temperature may be due to thermal rupture of 
water clusters which may cause the formation of a smaller cluster 
of water molecules leading to the compact clusters at higher 
temperatures. The negative ^J' may be due to the hydration 
of the charged centers of the amino acids as the hydrated 
water molecules appear to be less compressible than the bulk 
water. The higher values of Ao^^" of L-leucine in 0.5 mol - L ' 
aqueous K2SO4/O.5 mol-L" aqueous KNO, solution than 
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corresponding values of i.-isoIeudne in 0.5 mol • L ' aqueous 
KjSO /^O.S mo! • L ' aqueous KNOj solution may be attributed 
to strong interactions in (t-leudne + aqueous salt) systenw, 
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Transfer Partial Molar Volumes of L-Alanine/L-Glutamlne/ 
Glycylglycine from Water to 0.512 mol*kg~^ Aqueous KNO3/K2SO4 
Solutions at (298.15 to 323.15) K 
Riyazuddeen* and Umaima Gazal 
Depaitment of Chemistry, Aligarh Muslim University, Aligarh 202002, U.P., India 
ABSTRACT: Densities of L-alanine/L-giutamine/glyqdglycine + 0.512 
mo]kg~' aqueous K2SO4/KNO3 systems have been measured for several 
molal concentrations of amino adds/peptide at different temperatures from T = 
(298.15 to 323.15) K using a density and sound velocity meter (Anton Paar 
DSA, SOOO m). Using the deni^ty data the paitid moUur volumes {<f),^ and 
transfer partial molar volumes {6^^) have been calculated. The measured and 
calculated thermodynamic parameters have been discussed in terms of 
zwitterion—ior», zwitterion—water dipole. Ion—water dipole, and ion—ion 
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• INTRODUCTION 
Proteins, which have enzymatic, structural, and regulatory 
functions, carry out the vast majority of ail biological processes 
in cells. Amino adds and peptides have been taken up as model 
compounds for understanding the behavior of more complex 
protein molecules in solutions. Amino adds in aqueous solution 
are ionized and can act as adds or bases. Knowledge of add— 
base properties of amino adds is extremely important in 
understanding many properties of proteins.' It is well-known 
that electrolytes influence the stabiUty of proteins.^ '* Some 
studies'*" have revealed that the presence of an electrolyte 
drastically affects the behavior of amino adds and peptides in 
solutions, and this fact can be used for their separation and 
purification. 
Potassium nitrate is used as a diuretic in medicine. It also 
indude as an ingredient in toothpaste. It makes the teeth less 
sensitive to pam, by interfering with the transmission of pain 
signals in the nerves of teeth. It is also added to drugs for back 
pain and joint pain. Potassium nitrate affects nucleic add 
synthesis in the greening cucumber cotydedons" and the 
stability of tropomyosin.' Potassium sulfite is primarily used 
to improve oxygenation in human body organs. Potassium 
sulfate also influences the unfolding of protein, RNase Sa.'^ 
Volumetric properties of amino add/peptide—aqueous salt 
solutions have been studied by a number of researchers to 
obtain information about various types of interactions operative 
in solutions. ~ The present study is focused on the 
thermodynamic behavior of L-alanine or L-glutamine or 
glycylgjycine in 0.512 molkg"' aqueous K2SO4 or 0.512 
molkg"' aqueous KNOj solution as functions of molal 
concentration of L-alanine/L-glutamine/^cylglycine and T = 
(298.15, 303.15, 308.15, 313.15, 318.15, and 323.15) K. The 
measured density data have been used to compute the partial 
molar volumes and transfer partial molar volumes with the 
objective of understanding the solute—solvent interactions in 
the systems. 
• EXPERIMENTAL SECTION 
Materials. t-Alanine, L-^utamine, and glycylglycine with a 
purity of minimimi 99 % (by mass fraction) were obtained from 
SRL, India. Potassium sulfate and potassium nitrate with purity 
of minimum 99 % (by mass fraction) were obtained from E. 
Merck, India. The amino adds and dipeptide were recrystallized 
twice in the mixtures of ethanol and water. Then, they were 
dried at 273.15 K and stored over P2O5 in a vacuum desiccator 
for at least 72 h before use. The potassium sulfate and 
potassium nitrate were recrystallized in triply distilled water. 
Then, they were dried at 423.15 K for at least 3 h and stored 
over PjOs in a vacuum desiccator for a minimum of 48 h at 
room temperature before use. 
Apparatus and Procedure. The stock solutions of 0.512 
molkg"' aqueous K2SO4 and 0.512 molkg"' aqueous KNO, 
were prepared in triply distilled water. These solutions were 
used as solvents for the preparation of test solutions of amino 
adds and dipeptide. The solutions were kept in airtight bottles 
to avoid contamination and evaporation. The densities of test 
solutions were measured with a density and sound velocity 
meter (Anton Paar DSA 5000 M, Ausbia). The reprodudbil-
ities and uncertainties in measurements of the density values 
were fotmd to be within ± 110"^ kgm"^ and ± S10~' kgm~', 
respectively. 
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303.15 308.15 313.15 
L-Alanine in 0.512 mol-kg~' Aqueoiu Kj^^i Solution 
1.062020 1.060060 1.057740 
1.066782 1.064793 1.062453 
1.071325 1.069282 1.066893 
1.075943 1.073877 1.071448 
1.080336 1.078209 1.075775 
1.084731 1.082584 1.080137 
1.089531 1.087484 1.084983 
L-Alanine in 0.512 rool-kg"' A(]aeou> KNOj Solution 
1.026225 1.024102 1.022050 
1.031483 1.029344 1.027276 
1.036B31 1.034676 1.032592 
1.042164 1.039994 1.037893 
1.047536 1.045349 1.043232 
1.052904 1.050701 1.048568 
1.058414 1.056191 1.054048 
L-Glutamine in 0.512 raol-kg"' Aqueous K2S04 Solution 
1.062020 1.060060 1.057740 
1.064319 1.062357 1.060035 
1.066622 1.064657 1.062335 
1.068884 1.066915 1.064590 
1.071164 1.069197 1.066875 
1.073405 1.071434 1.069108 
1.075647 1.073680 1.071359 
L-Glataroine in 0.512 moMig~' Aqueoui KNO3 Solution 
1.026225 1.024102 1.022050 
1.028949 1.026835 1.024772 
1.031207 1.029073 1.027016 
1.033755 1.031625 1.029566 
1.036213 1.034081 1.032019 
1.038721 1.036639 1.034523 
1.041251 1.039115 1.037048 
Glycylglydne in 0.512 mol-kg"' Aqunnu K2SO4 Solution 
1.062O2O 1.060060 1.057740 
1.072123 1.070145 1.067781 
1.082348 1.080347 1.077996 
1.092499 1.090477 1,088096 
1.102575 1.100525 1.098107 
1.112546 1.110439 1.108037 
1.123333 1.121222 1.118794 
Glycylglycine in 0.512 mol-kg~' A(]ue(nu KNOj Solution 
1.026225 1.024102 1.022050 
1.037013 1.034874 1.032808 
1.047992 1.045836 1.043757 
1.059203 1.057031 1.054929 
1.070639 li)68442 1.066535 
1.082308 1.080102 1.077965 






















































































• RESULTS AND DISCUSSION 
The densities (p) of L-alanine + 0.512 molkg"' aqueous 
K2S04/KNOi L-glutamine + 0.512 mollcg"' aqueous KiSO^ 
KNOj, and g^cy l^dne + 0.512 mol l^" ' aqueous K1SO4/ 
KNO3 systems have been measured as a function of molal 
concentration of L-alamne/L-gJutamine/gJycyigJydne at temper-
atures of T = (298.15, 303.15, 308.15, 313.15, 318.15, and 
323.15) K. The measured values of p are listed in Table 1. The 
densities of L-alanine in 2 rnoIL"' aqueous KNO3; L-^utamine 
in 0.5 mol-L~' aqueous K2SO4, in I mol-L""' aqueous KNO, 
and in 1.5 mol-L~' aqueous KCl; and glycylglycine in 2 mol L"' 
aqueous KNO3 and 2 mol-L""' aqueous KCl solutions at various 
molal concentrations and temperatures have been reported 
from our laboratory earlier."'^''"' The observed density of 
0.1971 molkg"' L-alanine in 0.512 mol-kg"' aqueous KNO3 
solution at 298.15 K is 1.033262 (lO' kgm~'), whereas the 
reported density of 0.1802 molkg"' L-alanlne in 2 mol-L"' 
aqueous KNO3 solution from our laboratory is 1.1278 (10^ 
diufo(jifg/10.102r/j«3000«3m I J. Own . Cng. Data XXXX, XXX, XXX-XXX 
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kgm"'). The observed densities of 0.0472 molkg"' L-
gjutamine in 0.S12 molj^"' aqueous K1SO4 and 0.0481 
molkg"' L-glutamine in 0.S12 molkg"' aqueous KNO3 
solutions at 303.15 K are 1.064319 (lO^ kgm"') and 
1.028949 (10* kgm~'), respectively, whereas the reported 
densities of 0.0379 molkg"' L-glutamine in 0.5 molL~' 
aqueous K2SO4 and 0.0381 raolkg"' of L-glutamine in 1 
molL"' aqueous KNO3 solutions at 303,15 K from our 
laboratory are 1.0604 and 1.0545 (10^ kgm"'), respectively.*" 
The observed density of 0.1997 molkg"' glycyl^ydne in 0.512 
molkg"' aqueous KNO3 solution at 298.15 KU 1.038793 (lO' 
kgm ), M^reas the reported density of 0.0180 molkg"' 
gjycylglycine in 2 molL aqueous KNO3 solution from our 
laboratory is 1.1156 (lO' kgm~')." Thus, the observed 
densities of L-alanine/L-glutamine/glycylglycine in 0.512 
molkg"' aqueous KNO3/K1SO4 systems are consistent with 
the reported densities of the similar systems. The density values 
of the studied systems exhibit an usual increase with an inaease 
of the molal concentration of L-alanine/L-g^utamine/glycylgJy-
cine in aqueous K1SO4/KNO3 solutions and decrease with an 
increase in temperature. All of the systems seem to exhibit 
almost linear behavior of density in their variation wid» an 
increase in molal concentration of L-alanine/L-^utaminc/ 
glycylglycine concentration as well as with temperature. 
The apparent molar volumes have been calculated by the 
following equation using the measured densities of solvent and 
solution, 
<^„ = {M/i>) - {(p- t\)/mp()^) (1) 
where m is the molality of the solution; M is the molar mass of 
the solute (kg-moP'); andPo andp ate the densities (kgm"') 
of solvent and solution, respectively. The apparent molar 
volumes have been fitted by the least-squares medtod to the 
following equation:*' 
'k = 'k" + ^^ (2) 
where ^° is the apparent molar volume at infinite dilution that 
is also referred to as the partial molar volume of the solute. S„, 
the eiqjerimental slope, is the volumetric pairwise interaction 
coefficient."'** The fl^^", S„, and ff„ (standard deviation) values 
of L-alanine/L-glutamine/glycylglycine in 0.512 mol-kg~' 
aqueous K2SO4/0,512 molkg" aqueous KNO3 solution are 
listed in Table 2. The observed and the literature values of ,^'* 
of the studied amino adds and p«>tide are listed in Table 3 for 
comparison purposes. The ^ / of L-alanine/L-glutamine/ 
gjyc^glycine in 0.512 molkg~' aqueous K2SO4/O.512 molkg"' 
aqueous KNO3 solutions are higher than the correspondinK 
values in aqueous medium at all temperatures of study. The ^, 
of L-alanine and glycyl^ycine in 2 molL"' at 298.15 K have 
been reported as (60.99 and 93.72) cm^moP', respectively, 
earlier from our laboratory. The reported values are 
inconsistent with the observed values of ^f of L-alaninc and 
glycylglycine in 0.512 molkg"' aqueous K2SO4/KNO3 
solutions as the measurements were done by pycnomctry 
technique. The larger values of (f)" of L-alanine/L-glutamine/ 
^ycylglycine in 0.512 molkg"' aqueous K2S04/in 0.512 
molkg"' aqueous KNO3 solutions than the corresponding 
values in aqueous medium may be due to the following 
interactions occurring in solutions;*'* (i) ion—ion interactions 
among the K", 804^', and NO3" ions and (COO", NHj^) 
zwitterionic end groups, (il) ion—hydrophilic interactions 
between ions and hydrophilic groups ( -CONHj- , CONH) 
Table 2. Partial Molar Volumes, 0/-lO*/(m*-mor'), Slopes, 
S/10*/(m*-mor*-kg), and Standard Deviatioiu, ff/lO*/ 
(m**mor'), of L-ALanine/L-Glatamine and Glyc^^dne at 
Different Temperatures 
T/K 4,° 
























































































































of amino adds/pcptide, (iii) ion-nonpolar group interactions 
occurring between ions and the nonpolar groups (-CH^/-
CHj) of amino adds/peptide. The iffj' values of (L-alanine/t-
glutamine/^yqdglycine) in aqueous K1SO4 solution are higher 
than those in aqueous KNO3 solution at all temperatures of 
study. This trend may be ascribed to stronger zwitterion-S04^" 
interactions than zwitterion-NOj" interactions due to the 
stronger polar nature of S04^" in comparison with NO,". 
Moreover, each K2SO4 molecule furnishes two K* ions, whereas 
KNO3 molecules provide one K'' ion in solutions. Thus, the 
presence of twice the number of K* ions in 0.512 molkg"' 
aqueous K2S04 solution leads to a higher mapiitude of 
interactions in solution. According to the Friedman and 
Krishnan cosphere model** the ion-ion interactions and 
<lxxloixxg/t0.l02Ui*300OUm I J. Chtm. Inf. Data XXXX, XXX, XXX-XXX 
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Table 3. Compariaon of Obterved Partial Molar Volume with the Literature Values 
r/K amino adil/p«pti4e 
298.15 L-alanine 
198. IS L-gl«t»mine 




0.S12 molkg-' KjSO, 
0.512 molkg"' KNO3 
aquecHu 
0.5J2 molkg'' KjSO, 
aqueous 
0.S12 molkg'' K,S04 
















2 M NajSO, 
0.5 M NajSO, 
literature values 
0.5 M (NH4)iHCit 
0.5 M NaCl 











1.5 M NajSO, 
2 M NaCl 
2 M NaCl 
2 M KNOj 
2MKC1 
2.0U7 M KCl 




























ion-hydrophilic interactions would lead to increase in <P°, but 
on contrary the ion—nonpolar group interactioni would lead to 
a decrease in <pf. Thus, in (t-alanine/L-^utamine/g^ycyi^ycine 
in 0.512 molkg"' aqueous K1SO4/KNOJ) systems the ion-ion 
interactions and ion-hydrophilic interactions dominate over 
the ion—nonpolar group interactions, leading to larger ^J' than 
in aqueous media. The ion—ion and ion-hydrophilic 
interactions reduce the electrostricted water molecules in 
solutions. Thus, the hydrated zwitterions relax some water 
molecules to the bulk water which lead to an increase in 
volume. The trends of variation of 4>J' values of L-alanine/L-
glutamine/glycylglycine in 0.512 molkg"' aqueous KjS04 or 
0.512 molkg"' aqueous KNO3 solutioiw is found to be: i-
glutamine > glycylgjycine > L-alanine. The largest tp° of i-
glutamine can be attributed to the domiiution of ion (K*/ 
S04^'/N03")-ion(-COO"/NH3*) interactions and ion-
hydrophiUc interactions between ions K"^/S04^~/N03~ and 
hydrophilic groups (—CONHj) of L-glutamine over the ion-
ion and ion-hydrophilic interactions between ions IC/SO^'I 
NOj" and hydrophilic p'oup —CONH of ^ycylglydne. The 
ion-hydrophilic interactions are absent in the L-alanine— 
aqueous KzS04/KN03 system. The ion—ion interactions and 
ion-hydrophilic group interactions dominate over ion—hydro-
phobic interactions in (L-glutamine—aqueous salts) and 
(glycylglydne/aqueous salts) systems. In the case of L-alanine, 
the ion (KVS04^~/NO,")-ion (-COO"/NH3") interactions 
dominate over ion (K'''/S04^~/N0j")—hydrophobic group 
(—CH3) interactions. Tlie 4>^ values of L-alanine/L-glutamine/ 
^ycyl^cinc in 0.512molkg"' aqueous solutions of KiS04and 
KNO3 show an increase with an increase in temperature. The 
increase in (f)^ values with an increase in temperature may be 
attributed to the corresponding volume expansion of hydrated 
zwitterions or reduction in electrostriction. 
The partial molar volume of transfer of L-alanine/t-
glutamine/g^ycylglycine from water to 0.512 mol-kg"' aqueous 
K2SO4/O.512 molkg"' aqueous KNOj solutions (A^^") at a 
temperatiue is defined as, 
A^iji" = .^ '^'(0.512 molkg"'aqueous KjS04 
/0.512 molkg"' aqueous KNQ^ solution) 
- <?i/(water) (3) 
The At^,," values of L-alanine/L-^utamine/glycylglycine to 
0.512 molkg"' aqueous KJSO4/O.512 moll^"' aqueous KNO3 
solution at different temperatures have been listed in the Table 
4. The A ^ , " of L-alanine/L-glutamine/glycjdgJycine in 0.S12 
mol-kg"' aqueous K2SO4/KNO3 solution increase with an 
increase in temperature in the range (298.15 to 323.15) K 
which suggests the corresponding reduction of electrostricted 
water molecules. The A^^ "^ value of L-alanine/L-^utamine/ 
glyqdgjydne in 0.512 mol-l^"' aqueous K2SO4 solution are 
higher than those in 0.512 mol-kg"' aqueous KNO, solution. 
This trend of variation of A^^" can be attributed to the higher 
magnitude of reduction of electrostricted water molecules in 
the case of aqueous K2SO4 solution dun in aqueous KNO3 
solution. The trends of variation of tiu4>° are consistent with 
the trends of variation of (l)°. 
Franks et al.^ * have pointed out that the partial molar volume 
of a nonelectrolyte is a combination of two factors, namely, the 
intrinsic volume of the solute and the volume changes due to its 
interactions virith the solvent. The intrinsic volume has been 
d)cdoi.or()/l0.1021/)e300083ml J. Chem. £ng. Data XXXX, XXX, XXX-XXX 
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Table 4. Traiufer Partial Molar Volume*, A ^ . ' - I O * / 
(m^-mor^), of L-Ahmine/L-Glutsuttine and Gfyq/lgfydne tt 
Different Temperaturei from Water to 0.S12 mol-kg"' 
AqueoiM KjSO+ZO.Sn mol'kg"' Aqoeoos K N O , at Different 
Temperaturei 
T/K = 298.15 303,15 308,15 313.1S 318.15 323.15 
L-Alanine in 0.512 mol'kg"' Aqueous K2SO4 Solution 
o n 0.21 0.22 0.32 0.42 OSl 
L-Al»mnein0.512 molkg"' Aqu«ou<KNO,Solution 
0.05 0.14 019 0.24 0.33 0.43 
L-Glutuninein0.512 molkg"'Aqueou*K2SO4Solution 
0.03 0.82 0.95 1.04 1.14 1.22 
L-Glutaminein0.512 molkg"' AqueoucKNOjSolution 
0.46 0.5J 0.53 0.55 0.60 0.61 
Glycylglycinein0.512 molli^"' AqueouiK2SO4Solution 
0.25 027 0.29 0.30 0,34 0.38 
Glyqiglydnein0.512 molkg"' AqueouiKNOjSolution 
a i l 0.15 0.20 022 0.24 0.26 
contidered to be made up of the following two types of 
contributions"'^' 
V = V 
tntruunc w 
+ Koid (4) 
wliere V ^ is the van det Waals volume**'^' and Vy^ is the 
volume associated with the voids or empty spaces present 
therein. Shahidi et a l . " have modified the above equation to 
evaluate the contribution of the solute molecule toward its 
partial molar volimie as 
fk" = Kw + Koij - nir, (S) 
where rr^ is the shrinkage in voltune produced by the interaction 
of hydrogen bonding groups present in the solute with water 
molecules and n is the potential number for hydrogen bonding 
sites in the molecule. The partial molal volume can be evaluated 
^f = Kw + K-oui - Khri *^ shnnluge (6) 
If it is assumed that Vw and V,^ remain of the same magnitude 
in water and aqueous K2SO4/KNOJ solution, the positive 
volume of tratufer for the L-alanine/L-glntamine/^yc^^ycine 
can be ei^iained in terms of a decrease in volume shrinkage in 
the presence of K2SO4/KNO3 molecules in aqueous solutions. 
Because of stronger interactions occurring between N H j * and 
S04^""/N03~ and C O O " and K* in the studied systems, the 
electrostriction of the neighboring water molecules due to the 
charged zwitterionic centers will be reduced in the presence of 
K2SO4/KNO3 molecules. This phenomenon will lead to the 
reduction in the shrinkage volume. 
• CONCLUSIONS 
The higher tp° of L-g^utamine and ^ycylglydne than L-alanine 
in aqueous K2SO4/KNO3 solution show that the ion—ion 
interactions and ion—hydrophilic interactions dominate over 
ion—hydrophobic interactions in (L-^utamine—aqueous salts) 
and (dycylglycine/aqueous salts) systems. The h i ^ e r values of 
At,^„ L-alanine/L-gJutamine/^cylglycine in 0.512 m o l k g " ' 
aqueous K2SO4 solution than those of L-alanlne/t-gJutamine/ 
glycylglycine in 0.512 m o l l ^ " ' aqueous KNO3 solution can be 
attributed to the higher reduction of electrostricted water 
molecules in the case of aqueous K2SO4 solution. 
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